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If you're curious about the world we live in, then you've come to 
the right place. The How It Works Book of Amazing Answers to 
Curious Questions Volume 4 Revised Edition is packed full of 
features to satisfy even the most inquiring of minds. Would you 
like to know exactly how cloud storage works? Turn to the 
Technology section. Are you interested in finding out howthe 
cars and tubes of the future will drive themselves? Check out the 
Transport section. We've also got questions and answers on 
Science, Space, the Environment and History, so ifyou’ve ever 
wondered how Ebola can spread so quickly, whether there are 
Alien Earths that allow human life, why animals migrate vast 
distances or what life was like inside a Whippet tank in World 
War I, read on to discover the amazing answers! 
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AMAZING ANSWERS TO CURIOUS QUES TIONS 


How does cloud storage work? 


Howare bridges built? 
Will growing plants without soil 3 
reduce pollution? a 
of + 
How does dialysis clean blood? eae 
Whatis inside battle simulators? nia = 
What does a panic room 
comprise of? 


Are non-lethal weapons effective? 
Whatis inside an anti-laser? 

Can you cook using the sun? 
Whatis a sharkstopper? 


How was the Empire State 
Building built? 


Whatis inside a computer mouse? 


How do we take photos in 
the body? 


How is a mega-aquarium built? 
How do mobile calls work? 
Bitesize Q&A 
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4 Cancars drive by themselves? 


44, Whichis the world’s fastest 
roller coaster? 


46 Howdodriverless tubes travel? 
/<) What's the future of Antennas? 
4) Willour roads glow in the dark? 
4 Whatare plane graveyards? 

5© What's inside the ultimate RV? 


52. Howdosolar-powered aircraft fly? 
54 Willcommercial supersonic flights 


be possible again? 


5°) Howdoesthe Smart Rearview 
Mirror work? 


56 Can planes refuel in mid-air? 
5 Howdo four-stroke engines work? 
60 Bitesize Q&A 


*@? Science 


6 Whyarewe emotional? 
a Howare heart 

transplants performed? 
2, Canwe fight the war 

against superbugs? 





‘73 Whatis wave diffraction? 

‘/4, Howis antivenom made? 

‘/5 What's insidea nucleus? 

76 Howis laser eye 
surgery performed? 

73 Howare you infected with ebola? 
Howis eye colour formed? 

SO Howi lour formed? 











30 Whatis dry ice and howis 
it produced? 


81 Whydowecry? 

82. Whatiszero-g? 

4 Can. we understand crystals? 
S86 Willwe ever cure deafness? 
37 What's the physics of a yo-yo? 
S'7 Whatisan ion? 

38 Bitesize Q&A 





<«¢ Humans have 
been modifying 
their brain 
chemistry for many 
purposes and for 
centuries, despite 
the many risks 99 
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101 Whyarethere so many volcanoes 
on Venus? 


102 Whatis the greatest threat to earth? 
104 Howare spacecraft powered? 
106 Whatisan infant star? 

106 What makesa planet red? 


1077 Canaplanet havea 
diamond core? 


108 Whatare magnetic stars 
made from? 





110 Howarespace 


| mountains created? 
94 Arethere Alien Earths out there | _ | 
that can support human life? 112, Whatcan the Ant Nebula teach us? 


98 Whathappensat the ELS launch 113 Can there be life on exomoons? 
pad site? 113 Canwe farm in space? 

100 Howdoes the Mars Hopper hop? 114 Whatare meteorites? 

101 Why launchasatellitein mid-air? 116 BitesizeQ&A 





_22, Why do animals migrate? 

12.6 Cancaves have climates? 

126 Whatare Von Karman vortices? 

129 What makes the life cycle of the 
tree frog so remarkable? 

‘29 Howdoes the electric eel shock 
his victims? 

530 Whatisa geyser? 

132. Fairyrings or frightening fungus? 
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133 Whatisa petrified forest? 
134 What's life like in the 
boreal forest? 
136 Howdo ferns grow? | Howis a WWII plane flown? Why is Sagrada Familia 
>) What makes a mushroom? “. What wentwrongat Chemobyl? still unfinished? 
136 Are elephants dangerous, orare How did Aztec warriors do battle? Soe ena 
they gentle giants? What was the role of court jesters? : What was first to break the 
159 Can brains be regrown? How did Roman currency work? — . 
140 Howare plants cloned? ateincidnd ‘ What makes an elite 
ST ae | What's inside the Mary Rose? Zulu warrior? 
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12 Howdoes cloud storage work? 
16 Howare bridges built? 

18 Will growing plants without soil reduce pollution? 
19 Howdoes dialysis clean blood? 

20 What’s inside battle simulators? 

22 What does a panic room comprise of? 

23 Arenon-lethal weapons effective? 

24 Howcan you cook using the sun? 

25 Whatisasharkstopper? 

25 Canalens reshape corneas? 

26 Howwasthe Empire State Building built? 
28 What is inside a computer mouse? 

29 Howdowetake photos in the body? 

30 Howisamega-aquarium built? 

32 Howdo mobile calls work? 

34 Bitesize Q&A 
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Estimated data now 
stored in the cloud 
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y Apple's North 
Carolina iCloud 
*" datacentreuses *% 
as much power as 


14,000 


; households 


















F 66% 


of Brits use the cloud 
_ without even realising it 
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© By 2015, end- 
) user spending | 


on public cloud 





* services could be over ‘ 
$180 billion J 


he cloud” is a major buzzword in 
fl computing right now, butits meaning is 

rather, well, cloudy for most people. 
Nevertheless, chances are high that you’ve 
already used the cloud for storing data and files, 
even if you may not have known it at the time. 
Media sharing services like Flickr, Instagram 
and YouTube? They use the cloud. Webmail 
clients like Gmail and Hotmail? Banking apps? 
Those too. Read on and we'llsee if we can't dispel 
the fog alittle... 

Atits heart, cloud computing involves using 
the power of the internet to outsource tasks you 
might traditionally perform ona personal 
computer - this could be anything from handling 
simple storage to complex development and 
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processing — to a vast and powerful remote 
network ofinterconnected machines. 

This outsourcing is handy for the average, 
casual user who is simply fed up of having to free 
up space on their hard drive on their computer or 
mobile device or purchase new Storage for all the 
cat/baby/food photos they can’t stop taking. It’s 
even better for businesses that want to use the 
cloud for processing and storage - because users 
only pay for what they use. 

Think about it. Back in the day, companies 
purchased computing infrastructure based on 
what they figured they might need now andin 
the next couple of years. Fearing what would 
happen if they underestimated demand, they 
tended to over-buy only to then have the 


at 1 


“The Cloud” 


Your ultimate guide to cloud computing 


equipment sit around idle. Not only that; 
business software is expensive. Not to mention 
the servers, networks, bandwidth, power, 
cooling, office space, and the experts needed to 
install, configure and run the whole caboodle. 

Cloud computing allows businesses to run 
essential programs and applications through the 
Internet, which will often mean saving thema 
whole lot of time, space, hassle and lots and lots 
of money. Billing for cloud services works just 
like the way you pay for utilities like gas and 
electricity in your home; it’s pay-as-you-go. 

The cloud is also flexible for users. For heavy 
tasks, clients have instant access to scaled-up 
computing power on the fly. When they're done 
with it they simply release it back to the cloud. 


_______ Technology 


What is 
the 
cloud? 


The first thing 

you need to 

know is that 

“the cloud” exists 
in far-flung data 
centres, which you 
access via the internet. 
[tis basically a collection 

consisting out of networked computer hardware that 
works together to provide many aspects of computing in 
the form of online services. You can’t physically touch the 
hardware itselfin the public cloud, but you can control it 
remotely via web interfaces. 

One of the central features of the cloud is virtualisation. 
Virtual machines are created with software that 
subdivides the computing power, memory and storage ofa 
given machine into multiple smaller units, each running 
their own operating system. This virtualisation allows 
computing resources to be shared and allocated efficiently 
across the cloud. 

Cloud computing is a general term that is better divided 
into three categories: Infrastructure as a Service (IaaS) - 
where big players like Amazon and Google rent out 
immense computing infrastructure to other companies; 
Platform as a Service (PaaS) - online spaces where 
developers create online applications for specific sets of 
users; and Software as a Service (SaaS) - where clients use 
software over the internet. 

Even the average web surfer at home has interacted with 
at least some of these. Facebook, Twitter and Gmail are all 
examples of SaaS cloud applications. One of the things that 
make it so powerful is the fact that -in the case ofthe 
former two - thousands, even millions, of people can 
interact with the same bit ofinformation simultaneously. 

The other giant boon for individual users is that services 
like Dropbox and Apple’s iCloud allow them to store their 
photos, email, music, calendars, contacts and other datain 
a central location, accessible from whatever device 
happens to be handy. These can be set up to automatically 
sync with the cloud, ending an era of fumbling with USB 
cables and cursing yourself for bringing the wrong data 
stick to a meeting. Relax! That appointment you just noted 
in your phone will appear seamlessly in your desktop 
calendar, leaving you free to kick back and enjoy the music 
you're streaming from your collection on distant servers. 


Cloud computing 
involves using the power 
of the internet to 
outsource tasks 
you'd perform 
ona computer 
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Jobs cloud computing 
has created by 2015 


Heavy computer processes 
are often mage faster by 
the help ofthe cloud’s 
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450 


million 
Registered users on 
Apple's iCloud 
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Cloud storage vs cloud computing 


Cloud storage involves stashing forms of 
data (pictures, documents, etc) on 
hardware ina remote physical location, 
which can be accessed from any device 
via the internet. Clients send files toa 
data server maintained by a cloud 
provider instead of (or as well as) storing 
it on their own hard drives. Dropbox, 
which lets users store and share files, isa 
good example. Cloud storage systems 
generally encompass hundreds of data 
servers linked together by a master 
control server, but the simplest system 
might involve just one. 


Cloud computing also involves clients 
connecting to remote computing 
infrastructure via a network, but this 
time that infrastructure includes shared 
processing power, software and other 
resources. This frees users from having 
to constantly update and maintain their 
software and systems, while at thesame 
time allowing them to harness the 
processing power ofa vast network. 
Familiar everyday services powered by 
cloud computing include social 
networks like Facebook, webmail clients 
like Gmail, and online banking apps. 
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Where's my stuff? 


Two words: data centres. Anything you've uploaded to the 
cloud, or run from the cloud, exists on dedicated servers 
and storage volumes housed in vast warehouses. Data 
centres are owned by cloud service providers responsible 
for keeping the servers up and running. 

The job of all data centres, however big or small -and yes, 
some of them can be tiny -is to keep your data physically 
safe from theft and destruction, and to make sure it’s 
available whenever you want to access it. They run 
extensive cooling systems to keep the electronics from 
overheating and have at least one backup generator in case 
of power outages. 

Once you've put your data in the cloud, itmay be 
physically stored in many different places, countries or 
even continents, depending on where the service provider's 
data centres are located. In fact, cloud providers actually 
make multiple copies of the data you upload and purposely 
store these in disparate locales to ensure that it won't get 
destroyed or be inaccessible in the event that a natural 
disaster takes out one of the centres. 

The physical location of their stored data is irrelevant to 
the majority of people, since it can be called together over 
the internet almost instantly. But for organisations using 
the cloud for certain sensitive types of data - government 
documents or health records, for example - understanding 
where the data is headed and which data-protection and 
privacy laws apply in those places becomes critical. 


How safe is the cloud? 


The cloud may promise to lift the burden of our ever- 
increasing data storage needs, but how do we know our 
data is truly safe when we entrust it to a cloud provider? 
What measures do they take to address our two biggest 
concerns: reliability and security? 

We've already learned that cloud providers store 
backups in multiple locations. Systems that detect smoke, 
suppress fires and provide emergency power are also 
standard features of data centres, and these secret 
locations are heavily reinforced, guarded and internally 
protected to prevent intruders or disgruntled employees 
from physically harming or stealing the storage hardware. 

To secure your data so no one else can get at it without 
your permission, cloud systems use authentication 
processes like usernames and passwords to limit access, 
and data encryption (see boxout below) to protect data that 
is stolen or intercepted en route. And yet, passwords can be 
hacked; often it’s the service provider who holds the 
encryption keys to your data, meaning that rogue 
employees could access it; and your data isn’t immune to 
search and seizure by government entities. 

90, to entrust or not to entrust? In any case, you can rest 
assured that - since cloud storage companies live and die 
by their reputation — they take great pains to employ the 
most advanced security techniques for the most reliable 
service possible. But the bottom line is that we live in an ag 
where national governments have been exposed for 
tapping into supposedly private cloud data. Savvy surfers 
would be wise to keep anything truly sensitive stored on 
their personal computer or private cloud behind a firewall, 
and never upload it to the public cloud. #@ 
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Head in(to) the clouds 


Where do your photos, appointments, and musicactually go when 
they leave your phone? 


1. Device upload 
Keeping your data backed up, 
neatly organised and 
accessible on the gois easy. 
From your cloud-enabled 
smartphone, you can either 
select specific items to upload 
using athird-party app like 
Dropbox or you can adjust 
your device's settings to get it 
to sync automatically with 
the cloud. 














£2.3 
billion 
Value of books, films 


and music Brits store 
in the cloud 






































The average cloud 
upload speed froma 
mobile device 






2. Master control 


data server 
Your files arrive at the master 
control data server, situated 


Mastermind 
The master data 
server administers 


ina data centre owned bya th t “i 
cloud hosting company. The = ay Stel all 
server directs the files monitors client 


onward to various storage 
servers, making sure to 
make several copies of the 
files just in case one copy 
gets destroyed. 


demands to ensure 
everything runs as 
smoothly as it can. 


Middleware 
Networked 
computers talk to 
each other using a 
special kind 
of software. 


Data centre 
Physically secure, 
climate-controlled 
environment run 
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by the cloud 








hosting company. 
3. The cloud 

| Your files are stored 
across many machinesin 





the cloud, likelyin 
disparate locations 
-* geographically. 
million Whenever you need to 
Number of servers in } retrieve them, youcan 
the world 





call them up seamlessly 

| onto whichever screen 

| you're working on viaa 
web-based interface with 
the master control server. 
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How data encryption works 


Public-key encryption uses a combination 
of cryptographic keys to keep your data safe 





Public-private 

key pair 
Your device owns two 
cryptographic keys that 
are mathematically 
related: one is public, the 
other is private. 











Le 


- Public key 
“encryption 
Both the encrypted file 
and the key needed to 
decode it are placedina 
file and encrypted using 
the public key. 





=? Extraction 

Your computer 
extracts the encrypted 
fileand the symmetric 
key needed to decode it. 


yy 
Key hand-out 
It then makes your 
public key freely available 
to any other other 
computer that wants to 


send a file to the computer 
youre using. 





™ File transfer 
During the file 
transfer process the 
public-key encrypted file, 
image, or message is sent 
to the computer that 


youre using. 


I 
i 


Decryption step 2 

The computer then 
continues to decode the 
file at hand using the 
symmetric key. 





Keeping YOUL | ny:nameaicioud.com 


data safe 


Apple’s two-factor 
verification prevents 
others from accessing your 
account and your personal 
files, evenifthey do know 
your password. 
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Sign in 

Whenever you sign into iCloud, 
or make a purchase in iTunes, 
iBooks or the App Store, you are 
asked to enter your Apple ID and 
password for confirmation. 


1.5 


million 


Requests Amazon's 53 
storage service processes 


per second 
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Encryption 
ww \\Jhen someone sends 
you a file, their computer 
encryptsit witha 
symmetric key, meaning 
itcan only be opened 
with the identical key. 
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Decryption step 1 

Data encrypted by 
public keys is decrypted 
by private keys; even ifit’s 
picked up by a device that 
knows your public key, 
only yours can decrypt it. 





File unlock 

Voila! The contents 
of the file are decrypted, 
and now yours, and 
yours only, to view. 


Added layer 
Ifyou’re signed up for 
two-factor, Apple 
sends a four-digit 
verification code by 
SMS or Find My iPhone 
to one of the trusted 
personal devices 
you've registered. 





How was the 
iCloud hacked? 


On 31 August 2014, a cache of almost 200 personal 
photos of celebrities - many of them explicit - was 
posted online. X-Men and Hunger Games star Jennifer 
Lawrence and recording artist Rihanna were among 
those whose private pictures, taken on their iPhones 
and automatically backed up to the iCloud, were stolen 
and distributed. Following the attacks, one survey 
found that 20 percent of respondents were less 
confident in the security of the iCloud, while 40 
percent were worried about storing photos and data in 
a cloud service. How did this security breach happen? 
In an interview in the Wall Street Journal, Apple CEO 
Tim Cook dispelled rumours that the victims’ user IDs 
and passwords were taken from their servers ina 
brute force attack. Instead, he explained, the hackers 


obtained the info via a combination of phishing emails 
and correctly answering the celebrities’ security 


questions. “That's not really an engineering thing”, he 
commented, but conceded that Apple should have 
done more to make users savvier about choosing 
strong passwords and protecting themselves. 

Since the scandal, Apple has beefed up its security 
measures by expanding its two-factor ID verification 
system to include when a new device tries to access 
iCloud data. Users will also receive an email alert or 
push notification whenever someone tries to do these 
things or change the password. Apple encourages 
iCloud users, the majority of whom haven't enabled 
two-factor authentication, to turn on the feature. 


Jennifer Lawrence was one of over a hundred female 
celebrities to have personal photos stolen from their 
iCloud accounts 
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Verification 

Entering this code into the browser 
verifies your identity and completes 
the sign-in process, allowing you to 
securely access your account and 
make purchases as usual. 
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: | andtransier the 

started swaying Deck -_ stronger area that can 
When a new bridge is designed and Thadse Kc na hemadeto handle the pressure. 
built, it is essential that all of its suit road,t ii or Suen 


construction calculations are 
absolutely correct. If they are even 
slightly out, the entire structure could under nes ath the hig ay. 
become perilously unstable. Take the allowing heavier ht 
Millennium Bridge in London, for tobetrans sported acro 
instance. Opened in 2000, the bridge 
experienced sudden and very 

dangerous sideways movements after is 
the huge crowds who crossed it | 
caused it to sway under the pressure, 

The eventual solution was to use 91 

dampeners underneath the bridge, Pes 
which absorbed the kinetic energy of | 
the pedestrians’ movement and - ’ 
prevented it from wobbling. It ee a 
reopened fully fixed in 2002 but at a A ee | — we 
cost of over £5 million ($8 million). An 
expensive mistake! 
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The statistics... 


The key features of a suspension bridge 


How the world’s most impressive bridges work 







Akashi Kaikyo Bridge 
Year completed: 1998 
Years taken to build: 10 


Bridge type: three-span 
suspension bridge 
Length: 3,91lm 

Height: 283m 

Deck: Six-lane road 
Wind resistance: Up to 
290km/h 


Earthquake resistance: 
Magnitude 8.5 Richter 


Steel used: 180,000 tons 
Concrete used: 1.4 million ny’ 


Tower 
The strongest areas are 
the towers at each end. 
The cables transfer the 
tension and compression 
forces to them so the 
bridge does not buckle or 
snap under the strain. 








Length 
The longest suspension | wv 
bridge in the world is the , a 
Akashi Kaikyo Bridge. The <M 
‘cable-stayed’ technique alae TT, a 
allows for longer bridge 7 
building using more 
towers to spread out the 
tension and compression. 
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alt Se ol 
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Foundations 
The cables are anchored 
into the foundations of the 
towers. This strong system 


absorbs the forces acting 
upon the bridge and 
diverts the pressure away 
from the weaker sections. 





Types of bridge 


The many ways to bridge and cross a gap 


Arch Suspension ~-Beam Cable-stayed Bascule 
One of the oldest methods of This typeis made of steel plates Made out of wood or iron, beam The cable-stayed bridge is one of Also knownasa drawbridge, it 
bridge building, thearchbridgeis andcables.Suspension bridges bridges are the simplest type of themost commonin ranges in size froma medieval 


made by compressing stone, steel 
VOOR MON MeCchWPMORUe=DOReTS ela 
EleMeM Vee eberees cee mibeenee ase 
They can range from small brick 
designs to talland extensive 
Aisles IMO) eemb lane) ere 





use a combination of tension and 
compression, which is carried by 
the cables to towers at either end. 
Cables transfer weight to the 
towers. Their light weight allows 
them tospan long distances. 


bridge construction. The weightis 
put on two support girders on 
either side of the crossing. The 
earliest examples of beam bridges 
came in the form of humble logs 
or tree trunks across streams. 


| | 
i 


contemporary bridge building. 
They have one or more towers, 
SelM ORO AUUalle emcock cae (est 

Keen a=cc(NCebeNleysaesS eae 
from the cables through to the 
ote reducing the strain. 





feature to larger structures like 
Tower Bridge. Usually powered by 
a counterweight and winch, 
similar designs includea 
vertical-lift bridgeand aswing 
bridge that can pivot. 





- © Rich NiewiroskiJr; Thinkstock; Corbis 
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Will growing plants —. 


reduce pollution? {*** 


Hydroponic systems already grow tomatoes and lettuce, 
and might one day produce new supertuels 





ydroponics is asystem of growing cropsin 
H nutrient-enriched liquid baths rather than 
soil. Normally, roots anchor the plantin 

the ground and absorb all the water, minerals and 
nutrients from the soil the plant needsin order to 
grow. They cannot break down the soil particles but 
rely on the dissolved solution between them. 

Hydroponics does away with soil and grows 
plants with their roots suspended in an aerated 
nutrient solution in greenhouses. The roots can also 
be supported in an inert medium, like gravel or 
sand, and flooded with a fertiliser solution. 
Tomatoes, cucumbers and peppers grown 
hydroponically in greenhouses in American 
deserts produce five to ten times as much crop 
weight per year as those grown in open fields. 

Anew use is being developed for hydroponics. 
Algae (much simpler plants) are grownintanksin 
the sunshine, absorbing CO2 from the atmosphere 
as they grow. They develop 20 times as fast as 
traditional crops, so a portion can be harvested 
every day. This is fermented to produce ethanol and 
the mush left behind is buried. This process locks 
up carbon dioxide, helping to reduce greenhouse 
gases that cause climate change. & 
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The greenhouse 


environment 
The sunlight that plants need 
for photosynthesis shines 
through the greenhouse glass, 
which also protects the plants 
from damaging winds. 


Tomato plants 
Tomatoes are especially 
well suited to 
hydroponic cultivation. 
They can produce yields 
as highas 75kg/m2 
(15lbs/ft2) ina year. 


starter pots 
Inthis system, the 
seedlings are germinated 
insmall pots ofsoil, but 
soon their roots outgrow 
: these pots. 


*) Inert medium 
; _ ? The roots growdown 
. throughrockwool, clay, 
Ch Oiuael spur { vermiculite, sand or gravel 
ie | -aninert medium 
) ak: ee eee providing structural 
ame aC Olt a ... _ support, not nourishment. 
OE a ser 
') JDEAL SOURCE 
25°C [77°F]: OPTIMUM 
TEMPERATURE Senta Nutrient bath 
°9 PLENTY OF OXYGEN Ties allow the eee 
oO ISNEEDED nutrient solution to be is poured into the 
drained out regularly, inert medium to 
FRESH NUTRIENTS to stop it going nourish the 
EVERY WEEK Sstagnantand keep the tomatoes’ growth. 
roots oxygenated. 


PH LEVELS SHOULD BE 
BETWEEN 5 AND 6 
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______ Technology 


How does dialysis 
clean blood? 


Discover how the amazing dialysis process rids your body of harmful waste 


hen kidneys fail to filter your 

blood of waste and unwanted 

water, we rely on dialysis. It 
takes the basic scientific principles of 
concentration gradients and diffusion to 
filter out harmful substances from the 
bloodstream. A dialysis machine can control 
which substances are removed and at what 
concentration, allowing fine control of waste 
product removal and electrolyte balance. 
Dialysis is needed when the kidneys’ 
natural function is lost. Since you can live 
with one kidney, both need to be affected 
before dialysis is required. Common reasons 
for dialysis are severe diabetes and 
long-standing high blood pressure, while 
rare causes include genetic diseases. 

Dialysis machines date back to the 

Second World War. Today there are two 
main types: haemodialysis, which filters the 
blood, and peritoneal dialysis, which filters 
fluid within the abdomen. While life-saving, 
dialysis needs to be performed up to four 
times a week and is not without 
complications. A kidney transplant offers 
the best chance of long-term cure, but the 
number of patients on transplant waiting 
lists far exceeds the number of donated 
kidneys, so dialysis remains a key part of 
keeping people alive. # 


How a dialysis 
machine works 


Sterile tubing is attached to a vein (to take 
blood away from the body) and anartery (to 
return cleaned blood). The process relies ona 
semi-permeable membrane, a thin sheet with 
tiny holes that only allows molecules undera 
certain size to pass through. On one side ofthe 
membrane is the blood, carrying nutrients and 
waste products. On the other side is the kidney, 
containing early components of urine. The 
pores prevent large 
particles like red 

blood cells from 
escaping. This 

process is replicated 
exactlyinthe 

machine. On one side is 
the removed blood and 
onthe otherisasolution 
that draws 

outthe 

waste 

products. 
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~we| Blood cells 
The pores in the membrane 
are too small to allow large 
red blood cells to pass 

| through, so they remainin 

the vessel. 






















') The waste products a 
| and excess electrolytes 
| presentinthe blood are 
drawn across the 
membrane by the | 
| diffusion gradient created | 
by the dialysis fluid. 
Membrane 
The walls of the veins now 
act as the diffusion 
membrane, with blood 
inside and the dialysis 
fluid outside. 
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| Removing used 

fluid 
The patient now 
reattaches the bag and 
empties the used fluid 
from their abdomen, 
taking away the waste 
products too. 
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Like other veins, these 
| carry the waste products 
























»| the body creates. 
—— Port 

ee see The patientis leftwitha 

| _ 7 : small portin their skin, 

— wp meaning they can travel 

| Fluid bath Bag work. | 

| The dialysis fluid sits 
S| withintheabdomenand 


4 
i bathes the blood vessels. 







Catheter 
The first step is toinserta 
special tube, which sits 
within the natural space 
inside the abdomen (the 
peritoneal cavity). 








| 


Dialysis fluid 
| The patient pours the bag 
ofsterile dialysis fluid into 
@| theirabdomenata 
| convenient time and then 
disconnects the bag. |. 
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AMAZING ANSWERS TO CURIOUS QUESTIONS 


What’s 


inside battle 


Simulators? 


A revolutionary new system for 


training the soldiers of tomorrow 


raining recruits to use some of the world’s most 

expensive and complicated military technology is 

no easy task. Millions of pounds’ worth of military 
hardware needs to be placed in the hands of learners and, 
while these future fighters are carefully managed, the 
run-time costs to operate trial mission after trial mission 
are quite simply astronomical. 

After years of development, defence company BAE has 
created a virtual battle training system —a simulation 
network that runs through live scenarios with several 
players simultaneously. Indeed, thanks to the Dedicated 
Engineering Network (DEN), simulators controlling virtual 





al 


A digital battlefield 


Check out the core elements that make up this 


country-wide combat simulator 


eta eee! wees es) Ook 
systems integration ari 
experimentation fac alist ye sed 
in New Malden, UK 


Dedicated Engineering 
Network (DEN) 

The backbone of the virtual 
battle system, the DENis the 
framework binding the various 
simulators and third-party 


| networks together, controlling 


the flow ofinformation and 


= ; JMNIAN cn 


BAE’s virtual battle system will be 
| interopera ble with the MoD’s Joint 


Multi-National Interoperability 
Assurance Network (JMNIAN), 
which provides a hub for all of the 
armed forces. The DEN simulator 
can be accessed from numerous 
bases and defence facilities. 


=: Typhoon FGR4 — 


Type 45 destroyers, Typhoon fighter jets and even E-3D =| making it easily accessible to 


Sentry aircraft can be brought together ina simulated 
combat environment and put through their pacesina 


| The RAF’s primary multi-role combat 
zi aircraft, the Typhooncanbedeployed jmaim™ 
™| inawide range of offensive and SS 


range of scenarios combining land, sea andair tech. 

In doing this, not only can the most advanced military 
hardware be tested together as one functioning unit, but 
trainees and professionals alike can run through missions 
without even having to set foot outside. 

This not only saves money but also allows fora greater 


range of scenarios to be played outina short period oftime. 


Further, thanks to DEN securely managing integration 
with Ministry of Defence (MoD) networks, scenarios can be 
witnessed by commanders and decision-makers remotely, 
granting an unprecedented access to information. 

The system is still under testing, with a simulator at 
BAE’s Warton facility in Lancashire, UK, emulating four 
Typhoons, partnered with two other simulators at 
different sites which emulate an E-3D Sentry AEW1 and 
a Type 45 destroyer. With a high level of success to date, 
more trials are already planned, with more simulated 
combat vehicles looking to be integrated - the most 
notable being the state-of-the-art F-35 Lightning II 
fighter jet. % 


Two of the advanced 
military vehicles that 
soldiers can play out 
eyelet Ccevaegs ele emit! 
using DEN 
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. those who need it most. 
a ees 
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Type 45 destroyer 

Britain’s most advanced warship, the 
Type 45 isan anti-aircraft beast, capable 
of shooting down hostile planes witha 
huge arsenal of missiles and guns. 


defensive operations. One of the most 
advanced fighter jets, it’s capable of 


hitting Mach 1.8. 
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ee 
E-3D Sentry AEW1 
The E-3D Sentry isan airborne 
surveillanceandcommand- | 
| and-control aircraft that 
| specialisesinreconnaissance |i 


| and target acquisition. . pe 
| F-35 Lightning II 
While currently not supported by 
’S DEN, over the next18 months BAEis 

en hoping to integrate supportforthe 

wie F-35, the fighter jet set to become the 
showpiece ofthe RAF’s military fleet 
inthe next 20 years. 





Pe 


Avirtual rival 

Facing up against BAE Systems’ DEN in the battle 
for virtual combat training supremacyis 
American defence contractor Lockheed Martin's 
Multi-Function Training Aid (MFTA). The MFTAis 
pitched as being a reconfigurable platform fora 
wide range of military vehicles, with the system 
capable ofsimulating fixed-wing multi-crew 
aircraft, helicopters, landing hovercratts, fast 
attack boats, trucks and even utility vehicles. 

The system is based on Lockheed’s own 
Prepar3D simulation software, witha 
comprehensive suite of simulated controls, 
multitouch glass panels and authentic cockpit 
layouts (pictured below) allowing the user to 
adapt quickly to their specific training vehicle. 
Data for the system comes courtesy of the WGS-84 
database, allowing things like traffic, weather 
and other factors to be realistically replicated. 
Throw in extras like a built-in motion platform, 
electro-optical, infrared and radarsensors as wel! 
as real heads-up displays and it’s obvious that the 
MFTA offers new soldiers a valuable insight into 
life on the battlefield. 


€) New Malden facility 

The E-3D Sentry is simulated on 
its own at BAE’s New Malden site, 
linked to the simulated 
environment by BAE’s DEN. 


® Warton facility 
Four virtual Typhoons are 
simulated from BAE’s facility in 
Lancashire and linkin tothe 
battle system. 
© Broad Oak facility 
The simulator for the system's 

_ Type 45 destroyer is located at 
BAE’s Broad Oak facility, near the 
famous Portsmouth dockyard. 
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AMAZING ANSWERS TO CURIOUS QUESTIONS 


What does a panic 
room comprise of? 


What goes into the ultimate home defence unit? in ae 


aren't as tension-filled as 


» anicrooms rose to fame in 2002 when Jodie so basic plumbing, air filtration and a good stock of AAT eee 
Foster starred ina film where they were medical kit, food and water are all standard. The Te 
trapped in one, but what are these modern- most expensive panicrooms might also feature 

day boltholes and how are they constructed? monitors hooked up to a CCTV system in order to 
A panicroomisa Safe place for occupants ofa keep an eye on intruders’ movements as wellasa 

property to go whenever they feel threatened. The means of communication to contact the outside 

danger could bein the form of an intruder ora world - and avoid the scenario in the 2002 film. # 


natural threat like an earthquake or hurricane. 
These rooms are typically windowless for 
maximum security and the only weak point of these 
rooms might be the door, but to combat this, panic 
room doors are constructed from super-thick steel, 
have reinforced frames and are fitted with 
high-level security locks. Fingerprint scanners or 
keycode entry pads provide an extra barrier, and 
sometimes the door is so well concealed that a 
trespasser may not even know the room exists. 

The room must provide all the essentials for 
staying alive during a potential long-term situation, 


Panic room essentials . Surveillance 


Explore the key tech and kit every good en 
safe room needs 



















see what is going onin and 
around the house from the 


si safety ofthe panicroom. ——= 
peieroaeantrs . Communication 
ewend cael Installing a landline or 
Boaaeni fare | : / radio enables you to contact 
vile eysteun tor | Be, the police or familyincase 
circulating fresh Je | | i ee | your mobile has no signal. 
airisa must. al e 
Plumbing = | Generator 
Nature willinevitably } For long stays an 
callifstuckin the internal power source 
room for some time, is vital, soasmall 
soa toiletisa must generator can offer 
anda sink provides both light and heat. 
essential water. 

















Kevlar walls sia i“ 

Ifthere’sa risk that intruders . | 

may be armed, Kevlar-clad Doorjam Heal Sturdy floor 

walls provide an extra barrier | a) es eee eee Panicroomson the 

of protection. Walls will eat tofthe doorframe ground floor orina 

generally be soundproofed too cut ofstee! means the basement which have 

so you can talk inside without door is very difficult concrete foundations 

being detected. toram. offer the best 

| } ) protection in events 

like hurricanes. 


Supplies Secure entry | 
Long-lasting food, Keycodes and Ea 
pee ear biometric fingerprint Locks 
san i S ae ; always scanners are unique Electromagnetic locks 
€ well stocked up. to the home owner. and deadbolts are next to 


impossible to break through. 
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Are non-lethal | 
weapons effective? 


Cover your ears and discover how sound can be used to stop riots and brawls 
o disperse crowds and prevent rioting, Long Range Acoustic Devices 


various forms of non-lethal weapons 

















(NLW) are used. Among these, Discover how this breakthrough device uses sound to its advantage 

interestingly, is sound. Known as an acoustic | Output 
or sonic weapon, infrasound (super-low _ forth a ss Se The LRAD 100X is powered 
frequency) and ultrasound (super-high ( 7 J ‘ y all alk byastandardACsource ora 
frequency) greatly affect a human’s ears. a agi fs ¢ a rechargeable lithium 

h 1 disorientate a target and have . gt battery. eval can 
They can oa 5 —— z= ——e reach up to 137dB. 
psychological effects as well as the iy =n a 
physical effects of nausea and damage . es 
to the blood vessels. , | Portability 

Ultrasound can be increased to 120 | | , Weighing in ata paltry 


6.8keg (151b), the 100X can 
easily be taken from 
location to location. 


decibels (the same volume as a jumbo jet 
taking off), which is considered the human 
pain threshold. In contrast, infrasound feels 
like adamaging vibration or pressure wave, 
as it’s at a frequency too low for humans to 
hear. When exposed to high levels of sound, 
the influx of energy has a painful effect on 
the body. 

As well as huge decibels of volume, the 
variations in frequency can also cause 
damage. For instance, an infrasound of seven 
or eight Hertz can rupture blood vessels. 
Certain types of sound within the frequencies 
we are able to hear also have psychological 
effects, acting a sort of musak that can calm 
people and helps prevent drunken brawls. 

In New York City, piezoelectric 
loudspeakers are used by the NYPD. They 
focus sound waves ina particular direction to 
control large crowds. Known as Long Range 
Acoustic Devices (LRAD), some types can 
reach a maximum of162dB. Another device is 
the sonic bullet. Made by inventor Woody 
Norris, itsends a beam of up to145dB into its 
target. Prototypes are already in production 
to be usedinthe USArmy to help enforce 
safety areas in warzones. # 


Range 

Four to six times louder 
than all othersystems ofits 
size, the 100X has a range of 
over 600m (1,969ft) and can 
overcome background 
noise at 250m (82o0It). 


Materials 

The 100X is made from 
water- and impact-resistant 
plasticand aluminium soit 
istough enough to 
withstand riots and combat. 


Uses 

The system can be used fora 
variety ofsituations 
including law enforcement, 
bordersecurity, 
communication and even 


The LRAD Corporation's l00X canreach volumes ildlife control. 


of 137d B while the 1000X can reach a hefty I53dB 
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AMAZING ANSWERS TO CURIOUS QUESTIONS 


Anti-laser in action 


See what happens when a laser 
beam meets its nemesis... 


The trick to stopping any 
laser is to disrupt the flow 
of coherent photons 


Optical cavity 


The laser beams entera 
block of silicon that 
traps the light photons. 


Retovmbtcaals 


The incoming infrared 
laser beam is splitinto 
two, and directed at 


the device from 


opposite directions. 


What is ins 
an anti-laser? 





_. Trapped 
As the photons bounce 
around they interfere with 
one another, neutralising 
the laser. 








The tiny device that can stop a laser in its tracks 


aced with the puzzle of creating a device 

that could absorb laser energy, 

researchers at Yale looked at how laser 
light is produced and simply reversed the 
process. What they created in 2011 was the first 
anti-laser, or coherent perfect absorber (CPA). 

Conventional lasers work by stimulating 

atoms in what’s called a gain material. As these 
excited atoms drop back down to a less excited 
state, they emit photons withthe same 
wavelength, creating light waves that are in 
step. Inside the laser amplification cavity, 
mirrors bounce these photons back and forth, 
causing excited atoms to emit photons of 
exactly the same wavelength. The resultisa 
huge number of photons with thesame 
frequency and direction, creating a focused 
beam ofintense light energy. 
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The anti-laser demonstrated by Yale took 
this basicsetup and switched it around. Firsta 
laser beam is split into two, with one of the two 
resulting beams being modified so it is out of 
step with its counterpart. The two incoming 
laser beamsare directed at a small slab of 
silicon. The surface of the silicon acts asa 
one-way trapdoor, allowing the light to enter 
but not escape. As the two beams bounce 
around inside the silicon, they gradually lose 
energy as they cancel each other out through 
interference. Although the existing prototype 
can absorb 99.4 per cent of light, in theory it 
could be optimised to absorb 99.99 per cent. 

More generally, the idea of reversing the 
process of laser light production by different 
materials could be used to investigate how 
those materials absorb light. @ 


.. Heat 


Laser energy is gradually 
dissipated as heat, 


although the device could 


be modified to make use of 
iM ONESBlOssye=a OL =a aca a 
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Can you use the gam 
Sun to cook? 


How we can harness the Sun to 
get our sausages sizzling 


new stove has been invented that uses an 

evacuated tube to cook food using solar energy. 

The evacuated tube on the GoSun Stove consists of 
two heat-resistant borosilicate glass cylinders, which 
create a vacuum seal when the cooking tray isinserted. 
Around the inner cylinder is an aluminium nitrile ring that 
catches and absorbs sunlight and a copper ring that 
prevents infrared radiation from escaping. This 
aluminium nitrile draws over 80 per cent of sunlightin 
and the copper keeps it there even after the Sun has set. 

The highly reflective aluminium housing makes the 
system even more efficient. When fully opened, the curved 
surface deflects light onto the evacuated tube. 

The chef loads up the stainless-steel semicircular tray 
with food and slots it into the 0.6-metre (two-foot)-long 
tube, which the inventors say should be big enough to hold 
12 standard hot dogs and can cook four of them ina quick 
ten minutes. # 


Food tray 

The food tray is made out of 
astainless steel, which 
heats up and cooks the food 
from underneath. 


Solar radiation 





Inside the 


GoSun 


How does this fuel-free stove 
cook food so efficiently? 







Outer 

Copper ring cylinder 

The ring of copper stops The borosilicate glass lets light 

infrared radiation from | through andis resistant to 

escaping, keeping the heatin cracking when rapidly heated. 
the tube. 

Aluminium nitrile 


This layer of material 
absorbs the light, drawing 
itinto the tube. 


Inner tube 

When the food trayis 
inserted, the two glass tubes 
create a vacuum seal that 
insulates the system. 
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AMAZING ANSWERS TO CURIOUS QUESTIONS 


Howwasthe Empire _, ‘ 
State Building built? ne 
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How this US icon came to a = q Lal fuse rye we Hg ea fa ve lls ‘ 
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toweroverNewYorkCity Qiuereri \) “zi na — 


‘ith 103 floors and a 56-metre (185-foot) 
spire, the Empire State Building is an 
incredible 443.2 metres (1,454 feet) high. 


























The world’s tallestskyscraperwhenitwasopened [hint WEeMipsI @ os:5 [9 Gree il. mepfTteye.lhCUeh CC , 4 Tey 
on 1 May 1931, it pipped New York’s beautiful | ini =] Sea. es } path eat tt LD 
319-metre (1,046-foot) Chrysler Building to the ae nw Fe | a | ee Ea et 
record and held onto it until 1970, when New York ) tay er ee OBIT | pete We |e | ils ee Vt SAD 
City saw the World Trade Centre spring from the ss atte || Fae 
pavement. They certainly build them big in the Big : oe Ie ~ | b = | i bs or 
Apple and for 40 years, the Empire State Building “2 |) ee | heed) |e > RBH a MITE! | fen ti 
was the biggest of them all. WN i \ Gigi Bh i i | fl eet Tare! | |e |) | 

The iivention of steel framing in the late-1gth Behind the walls Flevators | | i fA | ee i ee 
century had made it possible for buildings to be Originally there were ) | Ht eee gy 8 | eee 
taller than ever. While brick would eventually Everything you need to 64 elevatorsinthe Sr ea |) eae | ae 
collapse under its own weight if you piled on too know about the Empire ee ee ae ee i | HE WEE | at 
many floors, a honeycomb-like frame of steel State Building Hey asin total * a ye Me | oT 
beams could take the strain and spread the ;: UN Pel am 
pressure of the upper floors throughout the Office space a Leary : i In van 
building. Another 19th-century development -the With 1,000 businesses 1h eee ar 
elevator — raised the limit on how many storeys you based there, the Empire aan |s t ti 

oe 5 | State Building is the tal so J 

could put on a building, forthe reason that you second-largest office con ie 
can’t expect someone to climb 102 flights of stairs. space inthe US after el pe 

Construction began in March 1930. Financed by thePentagon. gp dg dg ee ee iat — 
two former General Motors executives, John J i |i = 
Raskob and Pierre S du Pont, they applied the same hd Soi a ea eh 1S ys Dede HE 5 |i Sama | | | ata | | Le 
revolutionary style of working that they’d used in Lae a | naa Ae eo th : om of i). Wee ae pe = es ee | \) 
the factory, with assembly lines of men putting the re of Pa a —— os S a ||| 
building together in shifts. However, without the 4 i 
benefit of modern cranes and lifting equipment, a 


iy. 
ie 


materials were hoisted up by pulleys and moved 
around the inside of the building on 


: ; J] ee “hE re on ; or , stg je a : ea ok, 
narrow railway tracks. Se ett ARNE pet pi aha : cuss asians Dieser | died Posey mail| UN eat 
As many as 3,500 workers were on the Pes e* a7 | $a 


building at once, many of them (known 
as ‘sky boys’) balancing on beams 
high above the city with no : 
harnesses or helmets. It would 
be considered incredibly dangerous and 
reckless today, but those conditions were 
accepted as part of the job in 1930. Only five 
people died in the 410 days ofits construction. # 
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) Air Se 
The Empire State Building ts Foundations The air conditioning was 





installed in1950. It has 
since been upgraded to arth fo 
conserve energy. ' 
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one of New York’s most easily a : 
spotted landmarks The Empire State 


Building’s concrete 
foundations extend 16.7m 
(55ft) below ground. 
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, Television mast 


The spire is used to . | The Empire State 
broadcast nearly all of ae Te 
New York STV and Observation deck 7 So saan | ES ou aonb 

FM radio stations. The 102nd Floor i Rouen Ce | ' Wa Bieter Tethers 


Observation Deck isthe 
highestand smallest 

. lookout point, offering 
360-degree views of New 
York City. 


fe el y 

He tees i toe Le Hi le 

iif Ea ‘pa ps A 

. Peete § \VVhile most buildings 

store water on their roof, 
the Empire State 
Building has water tanks 
spread throughout and 
connected by 113km 
a ae pe neomnl pipe. 
















1 aslo - Limestone panels 
A Conceal | - The outside of the 
.) |e ; skyscraper is coveredin - J , 
st | ee | i g, Steel frame | panels of Indiana ' Windows B | 
eperey HPa | |e A |: Ba ie 57,000 tons of Stee ; : Did you know there are 
qi 4 | _ T-frames and beams | Limestone, behind them 6 indowsinth 
Peay Fil’ _., ate jae Rj ie | are 10 million bricks. aon ETE a 
Pa || || a ft, allow the Empire State ieee eee aa __fh. Empire State Building? 
i | | ii ; ms ©Building to take its fe he © el That’sa lot of cleaning! 
bhatt _ own weight. The Share| eerie aan pe Tee 
Bd | i | entire frame was 
M Pei encased in concrete 


if for extra strength. 


et Bate Entrance 
ae ee —E a ei i iG I iE ae] ge Ea 4 Z = The main entrance hasa 
| a) Hh Nit - a 4 ea | 9.1m (30ft) high frontage 
- with diamond-shaped 
> frames of glass and two 


carved eagles on pillars. 
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How does the Empire State Building size up? 
82am [e,7i7ft] 


632m [2,073ft] 









Goin [1,971ft) 
a 3m [1,776ft] 
ogm [1,670ft] 
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45em [1,483ft] | 
42m [1,450ft 
( J 443M [1,454ft] 






SS eee ee 


/\ 






Burj Shanghai Abraj Al-Bait One Taipei Shanghai International Petronas Willis Empire 
Khalifa Tower Towers World 101 World Commerce Towers Tower State 
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<=. AMAZING ANSWERS TO CURIOUS QUESTIONS 


What is inside a 
computer mouse? 


How did one little invention help us point and click? 











hances are if you are using a mouse to - complementary metal-oxide semiconductor the wheel or ball with your finger movesa 
navigate around your computer that it’s (CMOS). This sends a message to a digital signal couple ofrollers. These are wired up toa 
an optical mouse. It was invented in 1980 processor (DSP), which closely analyses changes processor which analyses how much each 
and has pretty much completely replaced the in the pattern of the surface. Once it registers a roller has moved and allows you to movea 
ball-guided mouse. An optical mouse works movement, itsends a signal to the computer, web page or document up and down or, 
using microscopic imaging technology. First, a which translates that information into a cursor with the ball-topped mouse, side to side. 
tiny camera inside the mouse photographs your movement. These adjustments happen These technological developments have 
desk or mousemat. The red glow you can see if hundreds of times every second, so it follows greatly helped day-to-day computing, making 
you turn it upside down isa red light-emitting your hand movements in extreme detail. navigating around the screen much easier 
diode (LED) inside that projects light onto the On top of the mouse is usually either a wheel than before and revolutionising PC gaming 
surface. When the light hits the surface and or a tiny rubber ball. These use the same by enabling precise millimetre-perfect 
bounces back into the mouse it hits a technology as early ball-guided mice. Rotating cursor movement. % 
Inside an optical mouse zane 
What goes on inside your mouse to help you work, rest and play? roller-ball 
Camera ———— 1 Wheel Upand down mouse worked 
Atiny camera sitsin the Many mice also | This provides vertical The roller-ball mouse was the 
middle of the mouse, feature a wheel on movement, meaning you standard design for years before the 
i mel oon irene te top for additional ne upane caus optical mouse came along, but what 
ease of navigation. web page or document. PAY Tee 
surface below every second. went on inside that casing? As you 


moved your hand around, the ball 
rolls too. The ball touched two 
rollers, one behind and one to the 


Co-ordinates side of the ball to detect vertical and 











The DSP willsend the 3 

CETLeTt horizontal motion respectively. 

coordinates tothe Wires attached the rollers to a 

computer where it circuit board, transmitting 

will move the cursor movement data. This data was used 
accordingly. to move the cursor around the 


screen with a greater degree of 
accuracy than the earlier wheeled 
mouse, The main downside of the 
roller ball mouse wasn't anything to 
do with the electronics. Dirt and 
grime from the surface it was on 
would collect inside the hole the ball 
emerged from, making it stick. The 
new optical mouse does provide a 
greater degree of accuracy, but its 
main advantage over the roller ball is 
that it won't stick if you have a 
mucky desk. 





LED = 
Alight-emitting diode 
shines alight onto the 
surface to illuminate it for 
the camera. 





DSP Movement 

The digital signal processor , Ifthere are any changes in 
looks at the images and CMOS sensor . the pattern belowthe 
notices ifthere have been Acomplementary metal- mouse, the sensors will pick 
any changes in the surface oxide semiconductor that up and work out how 
below the mouse. receives the light that has much it has moved. 





bounced offthe surface and 
sends it for processing. 
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How do we take 
in the body 


How we capture images from inside the 


n endoscopy is any operation involving 
the study of the inner workings ofthe 
human body. Traditionally, an 
instrument calledan endoscope is used, but 
more recently tiny cameras inside capsules 
we can swallow have been taking their place. 
Specialising in the inspection of the intestines, 
oesophagus and stomach, it can examine 
places the endoscope could never reach. In 
particular, it studies the three major sections 
of the small intestine: the duodenum, 
jejunum and ileum. 

About the size of a pound coin, the capsule 
transmits images to outside data recorders. It 
moves naturally through the digestive tract and 
is designed to help diagnose the causes of 
chronic diarrhoea, inflammatory bowel disease, 
abdominal pain and malabsorption. 


The camera ina pill 





To capture images, the mechanism shines a 
light from its LED source onto the wall ofany part 
of the gastrointestinal tract. These images are 
then transported by radio waves to a nearby 
receiver or monitor for analysis. 

If there’s a downside, itis that currently the 
camera can’t be stopped to take a closer look at 
anything, as it’s moved by natural peristalsis. 

To date, over 400,000 procedures have been 
performed worldwide and retention has 
occurred in only 0.75 per cent of cases, so the 
chances of it not passing through safely are very 
slim. In around eight hours the capsule can 
capture an incredible 50,000 or so images. 

It costs about £600 ($1,000) to administer but 
its ability to explore parts of the digestive system 
in unprecedented detail - outside invasive 
surgery -isinvaluable. # 


What technology makes up this inner-body explorer? 




















Lens 
Housedina 
transparent optical 

dome, itis wide angled 
to take the best images 
of the digestive system. 


Casing 
A waterproof shell made 
of lactose and barium 
allows the capsule to 
survive the hydrochloric 
acid in the stomach. 


Antenna 


Battery power 
Asmall yet powerful 
cell means the capsule 
can last for around 
eight hours. 





photos 





human digestive system 





Images can be instantly 
transmitted to a computer for 
closer analysis 


Radio waves froman 
antenna send the recorded 
images to areceiver worn 
ona belt outside the body. 



















Lighting 
Alight-emitting diode 
is attached to the 
device to illuminate 
the digestive tract. 


<= AMAZING ANSWERS TO CURIOUS QUESTIONS ———————SSSSSSSSSSSSSSSSSSSSSSSSSSS 


How Is a mega- 





© | * 
aquarium built? 
Dive inside one of the largest aquariums on Earth 
and discover how we replicate an ocean ina tank 


quariums, and in particular the awe- 
inspiring tunnel oceanariums that allow 
you to walk through marine environments 
yet stay completely dry, are amazing feats of 
modern engineering. 

First ofall, the engineers have to ensure the glass 
is strong enough to hold back up to 42.8 million 
litres (11 million gallons) of water. And no, we 
haven't just plucked that number out of thin air; 
that’s the capacity of the SEA Aquarium in 
singapore (see main image). 

The SEA’s acrylic panel is 36 metres (118 feet) 
wide, 8.3 metres (27.2 feet) tall and over 70 
centimetres (27.6 inches) thick to cope with the 
immense pressure generated by the huge volume 
of water. Behind this panel are all manner of 
marine creatures, from goliath groupers to giant 
manta rays. 

Even after the tanks have been constructed, the 
water poured in and salinated and the various fish 





Clear strength 


Aquarium tanks have to meet 
rigorous safety standards. Often, 
all that stands between the public 
and millions of litres of water, 
sharks and other fish is a single 
sheet of acrylic. Acrylic has 
become the standard in aquariums 
due to its dual qualities of being 
extremely strong and transparent. 
The latter quality it, of course, 
shares with glass, but acrylic’s 
strength really sets it apart. 

Acrylic sheets are up to 17 times 
stronger than glass and have the 
added advantage of not becoming 
weakened by prolonged exposure 
to water. The high molecular 
weight of cast acrylic sheets 
makes cutting the panel much 
easier and the flexible nature of the 
plastic allows for curved viewing 
portals without compromising on 
structural integrity. 

Although glass doesn’t scratch 
as easily, acrylic is the way to go for 
a strong, durable, flexible and 
transparent material to best show 
off an aquarium’s inhabitants. 
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introduced to their respective homes, a lot of 
upkeep is required to keep the tankin good 
condition. As the tanks are far more contained than 
the endless oceans, cleaning up waste matter and 
uneaten food must take place regularly to keep the 
inhabitants healthly. This is done using one of 
three common filtration techniques. Mechanical 
filtration employs filters and pumps to remove 
waste, fractionation separates the water from 
particles that have dissolved in it, and finally there 
is ozone, which kills off harmful bacteriain the 
water, much like chlorine in swimming pools. 

In order to keep the tanks clean for fish and 
viewers alike, sand filters and skimmers are also 
incorporated. The sand filters use pumps to blast 
the water through them and debris is caught bythe 
fine grains, while the protein skimmers pass the 
water through a valve that injects air into it. This 
creates lots of tiny little bubbles which any 
unwanted debris sticks to. & 


Awhale shark atthe 
Georgia Aquarium, which 
has over 24mn litres (8mn 
gallons)ofwater™ _ 


Re-creating manine habitats 
Every large aquarium has to deal with the challenge of meeting 
the needs of the diverse creatures it plays home to. Visitors 
want to see salt and freshwater fish, plus other creatures, so 
they have to replicate a variety of environmental conditions. The 
Ocean Voyager tank in the Georgia Aquarium, USA, poured 
680,000 kilograms (1.5 million pounds) of sea salt into its 
24-million-litre (6.3-million-gallon) tank. After this initial outlay 
though, the tank requires very little salt to keep it salinated. 

Water temperature is also very important. Depending on the 
location and inhabitants, temperature varies wildly, so tanks are 
constantly checked and controlled by thermostats and heaters. 
For fish that live in deep water, dim lights are used so we can 
see them without upsetting their natural environment. 





Explore the 
SEA Aquarium 


Take a tour of this supersized 
oceanarium in Singapore 
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In orderto keep the 
various creatures separate 
and under the right 
conditions, they are split 
7\  intotenzonesand 49 

| different habitats. 
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Maintenance 

The aquarium requires 15 
vets and more than 40 
divers to keep the animals 
fed and healthy, and to 
maintain the tanks. 


Underwater dining 
Arestaurant overlooks the 
main tank so diners can 
continue to watch the sealife 
while eating - and, of course, 
only sustainable fish is served. 
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Marine park ’ Main tank Suites | 
The whole site houses There are more than For those that fancy 

100,000 animals, 800 50,000 marine animals sleeping with the fishes 
different species and an swimmingini8mnlitres ea! the SEAAquariumalso 
incredible 45mn litres (4.8mn gallons) of water in hasa number of hotel 

(10mn gallons) of water. the main tankalone. rooms looking outinto the 








gat main habitat. 
















Dome 
Guests are also able to 
standinan enclosed area 
inside the tank itself to 

| feel fullyimmersedinthe 
marine environment. 






Dimensions 
The viewing pane isan 
incredible 36m (118ft) 

wide, 8.3m (27.2ft) talland | 
7ocm (27.6in) thick. 

















i 
Filters 
+ Dozens of filters hiddenin 
| the landscaping are 
needed to keep the water 
fresh and clear from food 
and other waste. 











The three-tiered viewing 
gallery allows for up to 300 
people to watch the sealife 


atany given time. | 





a 









Single panel 

The panel is one ofthe 
world’s largest andis 
made ofacrylic because 
this materialis both 
stronger and cheaper 
than glass. 
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ur mobiles are portable gaming 

consoles, computers, alarm clocks and 

personal assistants all in one, but 
they’re still pretty useful for calling someone 
without being tethered bya cord. 

Unlike land lines, mobile phones work by 
sending electric signals via radio waves to 
mobile phone towers or masts. These masts 
pick up the signal, transmitting it alonga 
network of masts until they reach the closest 
one to the phone receiving the call. Once there, 
the radio waves are finally beamed to the target 
phone and converted back into electronic 
signals and then into sound waves that enter 
the recipient’s ear. 

Mobile phone masts are placed several 
kilometres apart in rural areas but can be justa 
few hundred metres from each other in cities. 
There will be one mast per ‘cell’, which is the 
maximum area in which the mast can pick up a 
mobile signal. Hence the further away you are 
from a mast, the weaker the signal, so if you 
cannot get a signal at all, that means you aren't 
within range ofa mast. As well as the large 
main masts, there are also a number of micro 
and picocells that are much smaller and have 
less coverage. However, these can pick up the 
radio waves and transmit them to the larger 
main masts, increasing the coverage without 
being an eyesore. 

This network allows people to call wherever 
and whenever they want, only having to be 
within range ofa tower. Even though satellites 
are required for long-distance calls that can’t 
be transmitted from tower to tower, the process 
of making a phone call by relay isan amazing 
technological victory. ® 


ieee ie 

Most of you reading this will have a smartphone in your 
pocket or within arm's reach. The world’s first 
smartphone is generally considered to be IBM’s Simon 
Personal Communicator from the 1990s. It surpassed 
any other mobile at the time, as it sent and received 
emails, had a calculator, calendar, games and evena 
touchscreen, which was a revolutionary concept back 
then. It even had a basic predictive text function. 

But it was not a commercial success, so the first 
smartphone to really take off was the Kyocera 6035, 
launched in 2001. It had an attached modem that 
wirelessly to the internet to send and receive emails 
and had 8GB of memory. It made work on the go a real 
possibility without the need for cables or heavy laptops. 
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Dialling 


Whenthe number is dialled, the 
antenna atthe local cell site identifies 
the caller and the recipient. Acell site 


How do mobile 
alls WO ea The tech behind making phone calls 


Sending mixed signals 


How your calls get from A to B while on the move 





Roaming 

Roaming charges are made 
when a user heads out of 
their service provider's 
reach and uses another's 
mastinstead. 





Theswitch 
The switch has a database ofall the 
mobile phones that are turned on 
and their cell site locations. It locates 
the position ofthe recipient and 
sends an electrical signal to the 
nearest mast. 









Call ended 

If youare talking on the move 
and travel out ofrange ofa 
phone mast, the phone call 





is where antennas and communications rete 

equipmentare placed inside a mast 

alee on 
Motorola StarTAC Samsung 
First clamshell cell phone - SPH-M2100 








design reaches the cell 
phone at last. 


The first MP3 cell phone. 
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Nhe ole Neel Reyes 
Tern Simon Personal 
ee, Pe Communicator Nokia 7110 Sharp J-SHO4 
DynaTAC 8000X First PDA/cell phone - One of the very first One of the very first 
Widely regarded asthe included applications such mobile phones to use camera phones 


first-ever commercial 
cellular phone. 


(released only 
in Japan). 


Wireless Application 
Protocol (WAP). 


as a calculator, calendar, 
address book, etc. 
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Going international Onthe move 

When making a long-distance call, Ifyou have come into 

satellites are used to bridge the gap. range ofanother mast 

This is why there is often a delay as before leaving another, it 
c the signal has to travel farther. transfers seamlessly. 
-) 
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Connecting 

The local cell site antenna 
establishes communication with 
the recipient’s phone. When you 
start talking, vibrations are turned 
into electrical signals. 


The recipient 

The electrical signal is turned 
back into vibrations by the 
target phone, which enterthe 
recipient’s ear as sound. 
















Kyocera QCP6035 Motorola 

The first successful ROKR 

‘smart’ phone. First cell phone 
Tene lass 
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iPhone 

The first ever iPhone 
has a 8.9-cm (3.5-in) 
touchscreen and Wi-Fi 
Web access. | 


Panasonic P2101V 
Among a group of the first 
third-generation cell phones 
available (with 
videoconferencing). 


App attack 


Apps are acrucial part of the 
modern mobile phone. It’s 
estimated that the app market is 
worth a staggering f14.6 billion 
($25 billion) worldwide, but 
which have had the biggest 
impact on the mobile scene? 


=. Biggest buzz 





The simple but 
insanely difficult 
Flappy Bird was an 
incredible success, 
netting independent creator 
Dong Nguyen £29,200 ($50,000) 
per day through advertising 
alone. He eventually took it down 
after he couldn't deal with the 
sudden pressure and fame. 


F) Most downloaded 
Probably the most 
famous app of all 
time, Angry Birds has 
been downloaded 
more than two billion times since 
it launched in December 2009. It 
has since spawned acartoon 
series, console games anda 
planned feature film. 





Highest grossing 
id 2 Strategy and battle 

a app Clash Of Clans has 
been at the top of the 
CULO Maem ese Paew OE 
terms of revenue, 
gaining around 
£700,000 ($1.2 million) 
per day. However, 
WhatsApp netted its founders £11 
billion ($19 billion) when they 
sold it to Facebook in 2014, 
dwarfing Clash Of Clans’ 
bbeeleUeclaniem aac i eles 
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Could the 
internet ever run 
out of space? 


N o. The internet isn’t a thing in and of 

| itself, it’s a concept. All the computers 
in the world that are connected to the 
internet are themselves part of it. As the 
individual storage of each web server gets 
upgraded, so the capacity of the Internet 
gradually increases. There are always limits 
imposed by current technology - the total 
number of unique internet addresses, or the 
number of simultaneous connections that 
each server will accept. New protocols and 
hardware are continually developed to 
extend these limits, so the internet will to 
grow for as long as we need it to. 





What is the 
most dangerous 
househol 
aleyeilengleas 


ooking appliances are a major 
cause of accidental fires, causing 
more serious injuries and deaths than 
any other household devices. In the 
UK, they resulted in 33 fatalities and 
4,100 injuries in 2011 and 2012. 
Roughly half were caused by stoves, 
while chip pans were the second-most 
likely item to spark a fire in the 
kitchen. Space heaters are a common 
culprit, going up in flames when their 
ventilation is blocked or wet clothes 
drip onto them. Lint buildup in dryers 
and electrical malfunctions in 
microwaves, freezers and dishwashers 
also cause many injuries due to fires. 
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What new tech was used at the 


Winter Olympics? 


be ome of the greatest technological leaps 
& at the 2014 Winter Olympics in Sochi, 
Russia, were hidden in the athletes’ suits and 
sleds. The US speed-skating team sported 
the world’s fastest bodysuit, a collaboration 
between sports-clothing company Under 
Armour and aerospace engineering firm 
Lockheed Martin. 3D models of athletes in 
various skating positions were placed in 
Lockheed’s wind tunnels to test hundreds of 
fabrics. The winning design had tiny rubber 
bumps and fins that reduced turbulence as 


How does d 
cleaning work? 


D” cleaning isn’t actually ‘dry’ at all; it’s 
a process that uses a liquid chemical 
solvent to remove dirt and stains from 
clothing that’s easily damaged or shrunk. A 
normal washing machine soaks clothes in 
soapy water, agitates them, then rinses and 
spins them dry. Wool, silk and certain 
polyester fibres can shrink or lose colour in 
washing machines. In dry cleaning, clothes 
are sprayed with a liquid solvent and tossed 
gently in professional-grade machines that 
double as dryers. Most dry cleaners use a 
highly toxic, petroleum-based solvent called 
perchloroethylene, which cannot be touched 
or inhaled. ‘Green’ dry cleaners now use 
liquefied CO2. The final step is to press the 
clothes using industrial steam presses. 





the skater glides through the air. The US 
bobsled, luge and skeleton teams replaced 
old sleds with carbon-fibre models 
engineered by BMW Designworks out of 
bespoke composite materials developed by 
chemical company Dow. Wind tunnel testing 
delivered a lighter, smoother ride with 
tighter driver control. Even the curling 
brooms were given an upgrade, replacing 
brush heads with a smooth insulated fabric 
that raises the ice temperature nearly 30 per 
cent with a few short sweeps. 
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Ca uter 
ana compu a 
COMPOSE TMUSIC: 
Cc Music composition isn’t an 
entirely free-form process; even when 
humans compose music, they follow certain 
rules that define which notes belong ina 
scale and which chords belong ina key. It Is 
quite possible to use computer algorithms 
to take those rules and a lot of other more 
subtle ones to create quite passable music. 
Band-in-a-Box is a Windows and 
Mac program that can 
improvise an accompaniment 
to any tune, while the lamus 
computer cluster (right) at 
the University of Malaga, can 
compose a full-length 
classical symphony ina 
mere eight minutes! 
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_Do you think we 
will ever be able to 
teleport people? 


| T° say ‘never’ would be a strong word, but 
it’s highly unlikely that teleportation of a 

human being a la Star Trek will ever be possible, 
given our current understanding of quantum 
physics and the known laws of the universe. To 
teleport a person, you would have to scan the 
exact location and physical properties of each of 
the 7 x 1027 atoms in the human body. 

The first obstacle is the uncertainty principle, 
which states that the more accurately you 
measure one property of a quantum particle, the 
less accurately you can measure others. We 
could know an atom’s location, for example, but 
not its momentum. Even if you could work 
around the uncertainty principle, you would 
need to scan and send an unimaginable amount 
of data - 10,000 times the current storage 
capacity of all of the world’s computers - 
quickly enough to reconstruct living tissue. Plus, 
true teleportation requires the destruction of the 
original. Any volunteers? 
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How was the 
Millennium 
Eye built? 


he Millennium Eye, or London Eye, is 

unique among observation Ferris 
wheels. All of the wheel’s main components 
were built separately off-site and came from 
six different countries. They were then 
floated on barges up the River Thames to 
the Eye’s location, which presented some 
challenges - once loaded onto trailers each 
capsule measured 4.9 metres (16 feet) tall, 
requiring careful route planning on their 
journey to avoid low bridges. The Eye was 
assembled horizontally on platforms in the 
river next to the site, with a massive floating 
crane lifting the rim sections into place. 
Once the wheel was assembled, the Eye was 
raised upright using hydraulic strand jacks. 
There was a hiccup as a temporary cable 
Snapped, but over the course of a week the 
Eye was raised in stages and secured, before 
the capsules were attached. 
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What makes 
floodlights 
so bright? 


ost floodlights use powerful gas- 
discharge bulbs. The same as 
fluorescent strip lights, these generate light 
by sending an electrical discharge through 
ionised gas. Selected for their high 
luminosity, metal halide floodlights produce 
up to 100 lumens per watt - five times as 
much as a traditional incandescent bulb. 

To illuminate a football pitch, about 200 

of these lamps are mounted on columns. 
Floodlights require a great deal of energy; 
during a match the average stadium lighting 
uses roughly 1,350 kilowatt-hours - as 
much as the average UK household uses 

in 100 days! 








How are 
electronic 
devices made 
waterproof 


lectronic devices like smartphones and 

tablets can be made waterproof by 
laminating the gadget with a nano-coating a 
thousand times thinner than a human hair. 
To apply the coating, the gadget is placed 
inside a vacuum chamber and exposed to a 
blast of gas containing a waterproof 
polymer. The polymer bonds to the surface 
of the device on a molecular level, coating 
both external components and the inside 
surfaces of headphone and Ethernet jacks. 
The result is a 100 per cent waterproof 
device that can play Angry Birds from the 
bottom of a fish tank. 


Why does the 
CERN particle 
collider have to 
be so big? 


he Large Hadron Collider’s colossal size 

limits the energy lost by particles as 
they hurtle around its 27-kilometre (16.8- 
mile) ring. The advantage of circular colliders 
is that they allow particles to zip around and 
around, with powerful magnets nudging 
them up to higher and higher speeds with 
each lap. But the change in direction as they 
bend around the track causes them to lose 
energy. The smaller the circle, the tighter the 
curve that the particles must follow and the 
more energy they lose. The LHC’s gentle 
curves allow particles to reach almost the 
speed of light. 


How do remote 
controls work 
and when were 
they invented? 


“the first television remote control 
- called “Lazy Bones” - was 

invented by the Zenith Radio 
Corporation in 1950 and connected to 
the TV by a wire. A wireless remote 
control came on the market five years 
later, but it didn’t work very well. It 
worked by shining light onto a 
photoelectric cell on the TV, but had to 
be carefully aimed, and light from 
other sources could also cause your 
channels to change. If you’ve ever 
heard a remote control called a 
‘clicker’, that originated with a remote 
made in 1956 that made a clicking 
sound when the buttons were 
pressed. They emitted ultrasonic 
sounds received by a microphone on 
the TV, but this system wasn’t ideal 
either. So in the 1970s, more complex 
remotes that used infrared technology 
were developed. The latest remotes 
use Bluetooth or radio waves, 
eliminating the need for aiming the 
remote directly at the television. 
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Closed loop 

A volatile liquid is 
pumped from inside the 
house to the outside and 
back again. / oe Zp 


Process 
Cooling or 
evaporation is 
used to lower 
air temperature. 






How does air conditioning work? 


A n air conditioner is a closed loop that 
pumps a volatile liquid from the inside 
of the house to the outside and back again. 
As the liquid passes through the indoors leg 
of the circuit, the heat from the room makes 
the liquid evaporate. This absorbs heat 
energy as the molecules change from liquid 
to gas phase. The coolant vapour is then 
pressurised by a compressor to make it even 
hotter and pumped through the outdoors 


= 


section of the loop. As the gas is hotter 
than the outside temperature, it loses heat 
to the environment and at this higher 
pressure, it condenses back into a liquid. It 
can now be pumped back to the inside, 
through an expansion valve, which reduces 
the pressure. This boils off some of the 
liquid, which cools it back down to the point 
where it is colder than the room and the 
cycle repeats. 


Wren agi em tan Ry! 
ever digital camera? 


Ys centers the first-ever digital 


eM EMAC elmer ean 
1975 by an electrical engineer called 
Steven Sasson who worked at Eastman 
Kodak, a US technology company. Here 
he not only invented the camera, but 
also built it using a charge-coupled 
device image sensor and various other 
parts he collated from the lab and 
elsewhere. The camera weighed 3.6 


kilograms 

(eight 

pounds) 

and 

recorded 0.01-megapixel black-and- 
white photos to a cassette tape, from 
which data was read and the images 
displayed on a television screen. It took 
almost half a minute to process the first 
photo from it. 
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How does Lift 
internet work: 


L" is just like WiFi, except that instead 
of sending network data using radio 
waves, it uses light. Visible light and radio 
waves are both electromagnetic waves but 
the visible part of the spectrum Is about 
10,000 times wider than the radio 
frequencies allocated to WiFi. Current LIFi 
systems are still experimental but they could 
eventually be incorporated into phones and 
gadgets using a single LED bulb that flickers 
on and off too fast for the eye to detect. 
Although LiFi won’t travel through walls, it 
doesn’t need direct line of sight because It 
can work by reflecting off surfaces. 


What would 
happen ifm 
microwave had a 
hole in it? Would 
radiation leak 
into the kitchener 


‘or radiation to leak out of your 

microwave, the hole in the oven would 
have to measure 12 centimetres (4.7 inches) 
or more across. Like visible light, 
microwaves are a form of electromagnetic 
radiation and can pass through paper, 
plastic or glass, but reflect off the oven’s 
metal walls. A household microwave 
produces radiation with a frequency of 
2,450MHz, optimised to excite water 
molecules and heat up food. These waves 
have a wavelength of 12 centimetres (4.7 
inches), meaning they cannot pass through 
gaps smaller than that. Microwave doors are 
typically made of glass lined with a metal 
wire mesh, which allows you to check up on 
your dinner without letting radiation out. If 
there was a sufficiently large 
hole, microwaves could 
escape. However, the 
waves produced by a 
microwave oven are 
non-ionising, carry 
relatively little 
energy and would 
dissipate quickly, 
making it unlikely 
they would cause 
Significant harm. 
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Can cars drive 
by themselves? 


Seli-drive cars use a host of new technology to present 
a novel concept of travel for road users 
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All aboard the road train 


Afurther development on the self-drive 
principle fora single car has already been 
implemented on a series of vehicles, allowing 
them to travel autonomously and intandemas 
U:4c0) lemme MslsRae)eRsjO)MUlctesleBle(scmole)eslepeae)en 
the ‘SARTRE’ project, which stands for Safe 
Road Trains for the Environment. Pioneered by 
Swedish manufacturer Volvo and a group of 
technological partners, their system uses an 
array of radar, camera and laser sensors linked 
together by wireless technology to allow 
autonomous vehicles to travel togetherina 
train-like platoon. At the front ofthe platoonisa 
dedicated lead vehicle - driven bya 


professional driver, which is followed 
autonomously by the trailing vehicles. Thisis 
all being done ina bid to reduce the number of 
accidents caused every year by driver fatigue. 

The technology has already proved plausible 
after tests were carried out over 200 kilometres 
(124 miles) of road near Barcelona, Spain, in 
May 2012, with three cars automatically 
following a truck driven bya human being. The 
road train successfully melded autonomous 
technologies with car-to-car ‘communication’ 
to ensure the three self-driven vehicles 
remained in line throughout the whole test - 
and crucially, with no collisions. 


Volvo's SARTRE 
projectin actionon 
apublicroad 





he cars of tomorrow won't need steering 

wheels, an accelerator or a brake pedal; 

they’re autonomous and don’t require any 
human input. What's more is that they are already 
on the road, with car company Volvo unleashing 
100 of them on public roads of Gothenburg, Sweden, 
ina two-year project. 

An autonomous (known as ‘seltf-drive’) vehicle 
works mainly thanks to a wealth of on-board 
radars, sensors and cameras that continuously 
‘read’ the car’s surroundings to build a picture of 
the road ahead. While radars and sensors monitor 
everything from the proximity of other cars on the 
road to the whereabouts of cyclists and 
pedestrians, a forward-facing camera interprets 
highway instructions from road signs and traffic 
lights. All of this information is continuously fed 
to the vehicle’s on-board computer, which uses 
the data to action appropriate inputs into the 
car’s speed and trajectory within milliseconds. 
Meanwhile, advanced GPS technologyis 
constantly used to clinically navigate the 
vehicle along a precise route. 

An autonomous vehicle prototype, otherwise 
known a Self-driving car, looks fairly similar toa 
contemporary human-driven vehicle. Built-in 
sensors dotted around the car emit frequencies that 
bounce back off objects - much in the same way 
parking sensors work on executive saloons now - to 
provide a rationale of how close things suchas 
curbs, pedestrians and other vehicles are to the 
self-driving car. The processing computer and GPS 
system are stored out of sight, leaving the roof- 
mounted LIDAR (Light Detection and Ranging) as 
the only discerning differentiation from the norm. 

This rotating camera sends out lasers and 
uses the reflected light to effectively build a3D 
picture of the car’s position within the current 
environment. The information received from 
these ‘bounced’ light rays is sent to the main 
on-board computer. In the cabin, an occupant 
is treated to a screen showing the route, plus 
there’s an emergency stop button that will 
immediately pull the car over ifneeded. 

Although technology giant Google has led the 
way in terms of evolving self-drive technology, 
automotive manufacturers such as BMW and 
Nissan have placed considerable resources for 
research and development into the technology 
of their own autonomous vehicles. These test 
vehicles tend to be adapted versions of current 
human-driven vehicles and as soon as a person 
touches any of the foot pedals or steering wheel, 
the system immediately cedes control back to 
the driver. 

Although Google began its autonomous 
vehicle mission by adapting already homologated 
Toyota and Lexus cars as far back as 2010, its 
latest prototype is arguably the best yet. So far, 
it has proved to be markedly safe compared to 
human-input driving, as driver fatigue or alcohol 
impairment will play no part in getting from Ato B. 
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To heighten safety even further, Google is 
experimenting with flexible windscreens and 
a front made of foam-like material to protect 
pedestrians on impact, should the worst happen. 
These cars have also been limited to a relatively 
tame 40-kilometre (25-mile)-per-hour top speed 
while the project is still in the development stage. 
However, while the theory of self-drive cars 
is relatively straightforward -a computer actions 
an input fora mechanical device to implement - 
the unpredictability of hazards when driving 
is the biggest challenge for an autonomous vehicle 
to overcome. Much like a human having plenty 
of practice ahead of their driving test, the process 
for ‘training’ self-drive cars is to evaluate every 
single possible hazard perception scenario that 
could arise on the road and input them into the 
car’s computer for the best course of action to take. 


- While the theory 

of seli-drive cars 
is relatively 
straightforward... 
the unpredictability 
of hazards when 
driving isthe 
biggest challenge 

There are further limitations to the technology. 
Currently, a Google car cannot drive ona 
road that hasn’t been mapped by the company’s 
Maps system, so taking a self-drive car for 
a spin around your newly built suburban 
housing estate could prove somewhat 
problematic. Also, sensors on the car currently 
struggle to pick up on lane markings when 
roads are wet or covered in snow, making 
autonomous driving in adverse conditions 
particularly hazardous. 

Companies are seeking to address these 
shortfalls, with safety drivers currently 
testing their self-drive vehicles in a variety 
of situations on the road every day and 
providing feedback on how to further improve 
the concept. Google even admits that its self- 
drive prototype is built with learning and 
development and not luxury in mind, so 
their own vehicle is currently bereft of any 
real creature comforts. However, if the blueprint 
for an autonomous car proves successful, that 
could well change and we could soon see 
motorways packed with moving vehicles 
where every occupant is kicking back and 


watching a film, checking emails, or reading 
How It Works magazine. # 
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Peace me self-dri . 


The Google car is a pioneering autonomous vehicle - 
here’s how it negotiates the environment around it 


























Laser scanner i 







Position sensor d € | 
Located in the wheel | The LIDAR generates a 
hub, these sensors 360-degree view ofthe 
monitor speed environment to 






and positioning. | within 7om (230ft). 






Main 


| computer 
The information is 
processed and 
actions sent to the These monitor 
relevantinputs, moving objects 
up to198m 


t such as steering. 


ul 


a 


(65oft) ahead. 


Killswitch 
Assoonasa ‘driver’ 
touches any ofthe 
foot pedals or 
=| steering wheel, 
autonomous mode 
y isdeactivated. 








Interior 
Occupants havea 

comfortable seat to sit on 
y andascreentoinputthe 

| route, Google now plans to 

build cars without | 

steering wheels or pedals. Im 












Autonomous tech available now 
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Lane assist 

This stops a vehicle from drifting between lanes. If 
the front camera detects the vehicle has 
unintentionally deviated out of a motorway lane, it'll 
input counter-steer at the wheel to ensure the 
vehicle returns to its lane. 


Predictive braking 

Available on most modern cars, a radar-controlled 
Electronic Stability Program (ESP) continuously 
analyses the traffic ahead and, if the driver fails to 
react to the proximity of another object, it 
automatically stops the car. 
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a z 
| | The LIDAR sits on top ofthe 
Radar sensors | — te [at— car and continuously spins 
a - a oe at arapid pace while 
af Se ee ey emitting light pulses that 
ee ss = ea bounce back off objects to 
; tO help determine sense and map the 
Engine | the pt ey of * surrounding environment. 
Similarin principle other vehicles 


toa power unitin and objects. 


a conventional car, 


an engine contro! 

unit controls the GPS 

engine performance. An evolution of 
sat-nav technology, 
this helps position 


the vehicleand 
maps a route to 
a destination. 





Processor 
This ECU continuously reads 
the info fed to it by the radars, 
LIDAR and camera, altering the 
car’sspeed and direction. 


| Forward-facing 
video camera 
This detects 
conventional road 
signs, traffic lights 











! and other highway 
- instructions the 
Front-facing LIDAR and radar 
Camera sensors cannot ‘see.’ 
Mounted at the top of 
the windscreens, 


these effectively read 
road signs and traffic 


lights, detecting traffic 4, 
conesand even lanes. | 

















Wheels 
Driving technology may 
be vastly differentina 
Google car, but vehicles 
still need lightweight 
alloy wheels and 
rubber-compound 
tyres for practical and 
efficient motoring over 


| a variety of surfaces. 
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Active high beam control : This is what a driverless 
Porsche and Volvo have introduced active high Pa wee Sara og 
beam control, which dips the main headlight beam © TE) eile 
when sensors detect oncoming traffic at night. This | ped Eee arid ae 
sed dazzling other road users with glare from the = yehicles—andavoidthem 
main beam. 
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Which is the 
world’s fastest 
roller coaster? 


Experience the thrill of an Fi car from over 50 metres in the air 


















ost of us will never know what under five seconds, topping the world’s The roller coaster is able to reach its 
it’s like to hittop speedina second-fastest ‘coaster by 21mph. mind-boggling speed due to the wealth 
Formula One car, but you can Those brave enough to try will of technology underneath the track. 48 
have something better - by experiencing experience forces of 1.72 when hydraulic motors generate an immense 
that thrill while rising and falling onthe accelerating and an incredible 4.82 amount of power before transferring it to 
world’s fastest roller coaster. around the corners, which is similar to the catch car, which is hurled along the 
It’s called Formula Rossa and can be the forces a driver will confrontina track, carrying the train with it. 
found at Ferrari World in Abu Dhabi. Not Grand Prix race at Silverstone or Monaco. Eventually the catch car stops, = 
only doesit go from zerotoioo kilometres Dedicated Formula One fans may catapulting thrill seekers to those 


(62 miles} per hour in a face-flattening recognise a few of the corners too, as immense speeds. 
two seconds, italso reaches a dizzying they've been inspired by some ofthe Only the brave 
240 kilometres (149 miles) per hour in real-life ciruits’ famous twists and turns. need apply. 
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~ FerrariWorldin ~ 
AbuDhabiisthe ~ 
world’s largest 


indoortheme park | 







Head to head 


Formula 


Formula 
One 
















































andthe pistonsinthe 
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hydraulic fluid into = : | 
the accumulators, | 
compressing nitrogen | 
a gasup to 290 times 
/ N "| Earth’satmospheric |} 
| | pressure. 4 
| , in ij kilograms tons 
Winch a 
J A2.4m (8ft) re 
ieee cylinder rotates = 
| 1 rapidly, powered Accumulators |" | 
Return cable by the motors, Already holdinga | 4 
This is connected to winding wires quantity of Fe 
the catch car and ist arounditand — nitrogen gas, the a 
wound back in so it moving the train. ten accumulators . 
can fire the next have hydraulic fluid 
trainalong. pumped into them. 
1 
Motors 
There are 48 motors 
that use this 
pressurised | 
hydraulic fluid to | r 
turn the winchand a 
propel the train. Wim” z | | 
ae Semel a 
— 1 "iE : = 
—_ Launch valves Pistons zZ 
a Ko Once maximum pressure The pistons force uu | | 
-e} “s 1S reached, these open the hyd raulic fluid | E ) 









accumulators release the 
hydraulic fluid. 





and nitrogen gas 
downward until it 
is heavily 
pressurised. 
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AMAZING ANSWERS TO CURIOUS QUESTIONS 


Can the Tube 
driver! 


How will the Tube trains of 
tomorrow cross London? 












Thenew Tne could 
be driving themselves 
inlessthana decade 


Sellen lee] 6-1 | | a : Bik een 
Beieoe elacegu Zs y , My 1) | Af fff, 77) 4 ij et : \ \ a 





ondon’s Tube lines may still be a relic of the Victorian age, but its trains could soon 


The glass 1s d be amazing driverless machines, packed with digital screens and air-cooled cars. 
ee , The new designs, which could bein place as early as 2022, have anumber of features 
combin ation ot silica that will improve the passenger experience. These include air-cooled carriages, digital 
ume screens that display real-time travel information and will be made up of walk-through 
ash and lime heated carriages, increasing capacity on lines by up to 60 per cent. 
| | - | = The biggest development, though, is the fact that they could be self-driving. The trains, 


and cooled several times which will run on the Piccadilly, Bakerloo, Central and Waterloo & City lines, could run 


autonomously in just eight years’ time. 


in huge furnaces One of the other developments in store is wider doors to speed up station transitions and 
| tall barriers with sliding doors on the platform edges to increase safety. # 
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What's the future 





of 


Revolutionising the humble 
aerial fora new age 


¥ i-Fi, Bluetooth and 3G can send the lowly 
bog-standard car antenna intoaspin. In 
order to handle today’s abundance of 
portable and wireless technology, anew type of 
antenna will soon be racing its way into our 
vehicles. It has been developed and issued by the 
European Commission’s Intelligent Car Initiative. 
This new system can handle not only modern 
radio frequencies like DAB but also the latest in 
satellite-navigation technology and internet 
connections. Millimetre wave-integrated antennas 
and other smart antennas will connect to 
infrastructure systems to alert the driver to 
upcoming hazards and trafficinformation 
among other things. 
The antenna must havea large 
set of features. The bandwidth 
needs to be wide so it can 
access as many 
frequencies as possible 
and the polarisation 
must match the gadget it 
is trying to connect to. 
To ensure thisis 
possible, anew 
‘antenna hub’ has been 
devised to maximise 
connectivity. This hub will 
connect any relevant gadget, 
whether it be for navigation, 
music orinternet. 










The advanced Taranis 
could utilise new 
antenna tech 





Rather than use energy-sapping street 
lighting, glowing lines will illuminate 
at night to highlight theread ahead 


The paint will glow different colours to alert 
the driver to road temperatures so they can 
respond accordingly 








ntennas? 
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) he world’s infrastructure is constantly 
being improved and updated to 
accommodate the ever-increasing amount 


of traffic on the roads. One of these developments 
is the use of glow-in-the-dark lining on the 
highway contours. 

The brainchild of designer and innovator Daan 
Roosegaarde and Dutch company Heijmans, itis 
part of a development known as Smart Highway 
and will strive to improve road safety and travel 
efficiency. Using a photoluminescent powder, the 


our roads glow 
in the dark? 


Streetlights to be switched offin favour of luminous paint? 





invention would lessen the need for street lighting, 
which will save vast amounts on energy and 
material costs and also lessen light pollution. The 
powder is charged during the day by solar energy 
and will provide ten hours of light on one charge. 

Another invention is dynamic paint. Instead of 
night lighting, the paintis based around 
temperature fluctuations. So when the climate 
plunges into sub-zero conditions or undergoes a 
heat wave, the paint will show drivers the potential 
hazards that lay ahead. @ 
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What are plane 
i, graveyards? 


Where do old aircrafts go to retire and how do they help 





provide for the next generation of aeroplanes? 


he advent of Google Earth has allowed for 
many stunning images of the planet on 
which we live, but few have caused sucha 
reaction as the sites of plane graveyards, 
scattered across the world. 

As various commercial and military aircraft 
are damaged or retired, they are sent to vast 
expanses of land for safe keeping or to have their 
parts repurposed into new aircraft. 

One of the most jaw-dropping examples of 
these sites is the Aerospace Maintenance and 





Regeneration Group (AMARG) in Tucson, Arizona. 


This sprawling 10.5-square-kilometre (four- 
square-mile}) US airbase houses more than 4,000 
retired aircraft, including the B-52 Stratofortress, 
B-1B Lancer bomber and the A-10 Thunderbolt. 
Another such site is the Mojave Air & Space Port, 


Fae at in Hampshire, 
UK, hosts 26 aeroplanes from 


estonia e Cea pits mai le kegs me lig tig ea 


which is the final resting place for hundreds of 
former commercial liners. 

These facilities are essential for the safe 
post-retirement care of thousands of aircraft, 
many of which contain valuable hardware and - 
since many are warplanes - military tech that 
could be dangerous in the wrong hands. 

Wherever possible, these planes have their 
working parts harvested for use on newer 
aircraft, but looking down from straight above at 
thousands of massive sky vehicles grounded for 
life isan incredible sight, ifa slightly heart- 
wrenching one. 

Tours are available for some aircraft 
graveyards, such as the AMARG, giving aircraft 
enthusiasts one last opportunity to see a potted 
history of aviation, dating back to WWII. 
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What’s inside 
the ultimate 


An inside look 
We reveal the techsbehind 
This camper van has this million-dollartruck__ 
everything you need for 
an adventure 


ost fathers want to show their 
children the world, but American 
inventor Bran Ferren took that 
dream a step further. He designed his camper 
van with an office, kitchen and bedroom, 
and even a pop-up tent on the roof for his 
four-year-old daughter Kira, who the KiraVan 
is named after. 

It can travel 2,000 miles without resupply, 
powered by a modified Mercedes-Benz Unimog the trailer. 
chassis, renowned for their reliability and ) ma i 
cross-country performance. The diesel engine 
has been fitted with sensors to monitor 
temperature, vibration and torque so the driver 
has a constant picture of how the engineis 
performing. A heated fuel tank ensures the 
diesel won't freeze in low temperatures and 
also filters the diesel so only clean, pure fuel is 
fed to the engine for optimum performance. 

It’s comfortable for the driver too, thankstoa 
vibration-reducing chair. The cockpit is 
surrounded by screens that display road 
conditions, GPS mapping and weather details. 



















Kirahouse 
Aroofmounted 
pop-up tent provides 
| four-year-old Kira with 
her own bedroom. 














1 
La 
alll 
7 
| 
| 
| 





| Bedtime 

The main sleeping 
area isa mezzanine e 
decktowardtherearof |p 





| Bathroom 
Ashower, sink and separate 
) toilet room. The toilet 
incinerates all waste into 

| non-toxic sterile powder. 


















"Luxury living 


Drones even fly ahead to check on traffic. At 15.8 

m feet) longan , : . Living area includes 

| etres (52 leet] G g and over three mete: (10 ' high ech bchen, 

feet) high, the KiraVan uses a tractor-trailer ee | seating areaanda | 
design like an articulated lorry. This gives the - media library witha 


trailer off-roading capability by addinga satellite HDTV. 


hydrostatic drive system, enabling six-wheel 
drive at speeds up to 40km/h (25mph). 
Hydrostatic drives use pressurised fluid to drive 
a motor, negating the need fora drive shaft, 
which would restrict movement between 

the two units. 

The insulated trailer unit has a bedroom, 
office, kitchen, living quarters and an eco- 
friendly bathroom. Slide-out compartments 
and a motorised rising roof section doubles 
the internal living space when deployed. 
You'll find home comforts such as a media 
library, flat-screen TV and seating area, and 
enough supplies for to last three people three 
weeks before having to restock. 
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- Sunshine | : - 

Roof mounted solar panels Engine power 

are attached toa bank Engine monitors help the 
| of batteries, combined with driver to keep an eye on 
analternatorto keep the engine performance. 


SOS 


Arescue beacon can 
transmita distress signal 
ifthe KiraVan is stranded. 


Info screens 
Dashboard screens linked 
to on-board cameras give 
the driver a view ofthe 
KiraVan’'s surroundings. 


aa 


Software Communications 
While many displays are based on Various radios ranging from 
those usedin aircraft, allsoftware CB to satellite ensure the 


is unique to the KiraVan and KiraVan keeps in contact 
designed for land use. with the rest of the world. 


col I ee | f i. Power 
SS AE a a — a The tractor unit is 
Flexibility . oa | -« ik -— iP \ powered bya 26ohp 
Two units connected with Se ah a (bh. . | Mercedes turbo- 
an off-road fifth wheel, | 10) om | | ' diesel engine. 
| whichis more flexible than | rel = Fil | , er 
| aroad version. 


Customsuspension # 
Standard Unimog suspension 
has beenreplaced with 
me H nitrogen-hydraulic 
Tyres can be inflated = Sei suspension, allowing for 

| and deflated from the — eeq| Variable ride height. 

_ cockpit to give better =.  —, 

}| tractiononsoftground. |) = i 

a/ Thisisasystem standard 

| in military Humvees. 
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Sy) sthe search for renewable and carbon- 

PR Wrcvclbenctytancea aris cone eve 
i ms energy is leading the way in fuelling the 
next generation of aircraft. 

One aircraft breaking boundaries in this areais 
the Solar Impulse 2. This incredible machine is set 
to launch a non-stop, round-the-world trip powered 
only by the Sun. It will do this by using 72-metre 
(236-foot) wide wings, each of which will be 
carrying over 8,500 solar cells, powering four 
electric motors and four lithium batteries. Despite 
this astonishing wingspan, the entire aircraft will 
only weigh 2,300 kilograms (5,071 pounds), about as 
heavy as a large great white shark. 

Another major player in the world of solar 
powered aviation is Solar Flight. Their newest 
project is Sunseeker Duo, which is the only 
two-seater solar-powered aeroplane in operation. It 
follows a similar pattern to the Solar Impulse 2, 
with long wings covered with solar panels anda 
lightweight body. Its panels have been improved to 
become 50 per cent more efficient than their 
predecessors. It can fly for12 hours and its engine 
produces 25 kilowatts (33.5 horsepower) of power. 

The main question with using solar poweris 
‘what happens at night?’ During the day, not all the 
energy is used. Enough will bestored inthe 
batteries to allow the aircraft fly at night. 

The next challenge for solar-powered aviation is 





How solar 
Mela 4 


We have heard a lot about solar panels 
converting sunlight to energy, but how does 
that process actually work? Inside a solar panel 
is anumber of silicon cells, placed on top of 
each other. One of the silicon atoms has all its 
electrons, while the one beneath it has a few 
missing. In order to restore the balance, the full 
silicon atom transfers electrons : 

to the one below, but it 

needs light to trigger the 

process. Once the 

sunlight hits the panel, 

electrons are 

transferred from one 

silicon cell to the other, 

thus creating an 

electric current. 
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The flying machines that are TCI ee! only by th 





Wings 
The wingspan ofthe plane 


is a total of 72m (236ft), 
stretching wider thana 
jumbo jet’s wings. 





_ Insulation 

To keep the pilot from 
suffering in the +40 to 
-40°C (104 to -40°F} 
temperature change, the 





cockpit uses advanced 
thermal insulation. 








The cockpit 





| Batteries 
>| There are four 

| rechargeable lithium 
_ polymer batteries 

| inside the plane, 

weighing a total of 

| 6t33kg (1,396lb) that 
| provide the 50kW 
| (7ohp) power. 


The cockpit is only 
3.8m3 (134ft3}, so it will | 
be fairly cramped but | 





| essential forthe 
lightweight design. 


The plane will rise to 
8,500m (27,887ft) during 
the day to make the 


most ofthe power and 
then drop to1,500m 
(4,921ft) at night. 








Lransport 


Despite the massive 
wingspan, the Solar [mpulse 
weighsabout thesameas 
two small cars 





i 
SOLARIMPULSE 





Airframe A | Speed 
Itis constructed from The plane can travel 
incredibly strong, yet 4 ata top speed of 
lightweight materials | 140km/h(87mph). 
such as carbon fibreina 
honeycomb pattern. . 

nes 

ein = 









Sf Li ) Panels 
- le There area total of 
17,000 solar panels, 
each drawingin 
energy from the 
sun to power the 
plane and charge 
the batteries. 


Motors 
There are four electric 
13kW (17.5hp) engines, 
each about the sameas 
asmall motorbike. 





Propellers 
These propellers 
provide the main thrust 
behind the plane, 
rotating at different 
speeds to steer. 


AMAZING ANSWERS TO CURIOUS QUESTIONS 


Will commercia 


supersonic flights 


be possible 


again? 


rom its debut in 1969 until it 

touched down for the last time in 

2003, Concorde broke all kinds of 
records, as well as the sound barrier 
nearly 50,000 times. The world’s first and 
only commercial supersonic jet could 
cross the Atlantic in about three hours 
due to its sleek body and revolutionary 
engines. They used reheat technology 
that added extra fuel at the final stage of 
the engine cycle to make it reach speeds 


The heir to Concorde 
is getting closer 


of 1,350 miles per hour, but the downside 
was the sonic boom created when the jet 
pushed sound waves to the sound 
barrier, which then became shock waves 
that disturbed people living below. 

The next generation looks to reduce 
this noise by making the nose longer and 
thinner, meaning fewer shock waves are 
created. Itis hoped that supersonic 
aircraft from Boeing and Lockheed 
Martin could be ready by 2030. 








The world's first and only 
commercial supersonic jet 
could cross the Atlantic in 
about three hours 


Stopped Subsonic Supersonic 


Levitation 

Blimps are able to keep 
airborne because the 
helium inside them is 
lighter than air and tries 
to push through. 


Efficiency 

The costin terms of 
fueland 
maintenance is much 
lower compared to 
running normal 
surveillance aircraft. 


Size 

The blimps are 74m 

(243ft) long, undera | — 
thirdthelengthofthe | 
Hindenburg-the most | _ 
famous blimp ever. 


Are blimps 


le ack? The wartime aerial giants 

| e arebackto protect our Skies 
» limps were originally designed as an aircraft that could 

take passengers across the Atlanticin style and comfort. 

Filled with lighter-than-air helium, they became a fixture over 

the skies in wartime Britain as barrage balloons protected the 

country from enemy warplanes flying over major cities in WWI. 
While the 1937 Hindenburg disaster put an end totheirroleas 

commercial aircraft, they have made a returnin the pursuit of a | Endurance 

national defence. Anew breed of blimpsis being used for | 

relatively cheap 360-degree, 24/7 defence surveillance overa 

range of military bases in the United States. Raytheon’s JLENS 

system includes 74-metre long aircrafts which float 3,048 metres 

(above the ground and can see 547 kilometres away. 


sa} Vision 
_ The blimps can see 360 
_ degrees atalltimes, 
with powerful radar 
| detectors that havea 
range of 547km (340mi). 


5) Blimps canrun 24 
hours a day, seven days 
a week for 30 days 
before needing to be 
switched out. 





© Spike Aerospace; Raytheon Company 
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How does” 
the Smart — wl 
Rearvie 

Mirror work? 


Nissan's innovative technology leads the way when it comes to looking backward 





ne of the most important lead to danger asa driver cannot see traditional rear-view mirror. The 

safety aspects toavehicleis certain points aroundavehicle. Using __driveris affordeda better view of the 

the ability to provide good live camera feeds and screens instead environment behind the vehicle, 
all-around vision to its driver. A huge of mirrors is now becoming aviable minimising blind spots-andas the 
glass windscreen means looking solution to this age-old problem. camera is mounted at the rear of the 
forward isn’t an issue, but being able Early in 2014, Japanese automotive car, the driver doesn’t have to look 
to see down the side and out the back manufacturer Nissan debuted its past the interior and C pillars of their 
ofa vehicle is slightly trickier. For variation of this technology, named own vehicle to the world outside. 
decades, vehicles have employeda Smart Rearview Mirror, at the New What's more, the technologyis 
variety of mirrors to combat this, with York Motor show on its Rogue model. switchable, so drivers can choose 
external wing mirrors and an interior The Smart Rearview Mirror works whether they'd like to use the camera 
rear-view mirror not just by asmall camera, mounted inthe and LCD monitor or the traditional 
commonplace but also required by rear window ofa vehicle, projecting mirror method when viewing the 
lawin most countries. However, live to the driver via an LCD monitor environment at the rear ofa vehicle, 
mirrors create blind spots, which can mounted within the frame ofa with the simple press ofa button. @ 


The Smart Rearview MIO 


monitorinthe frameis 
a conventional mirror. 


r ee e ‘ 
iT LCD monitor Ifthe driver would 
| | The recording from rather use this when 
: } the camerais 


r “i es ‘ ; ; 3 viewing the 
Here’s how Nissan’s innovative tech will ope environment behind 
help inform the driver of what’s happening eithauniqus the car, they can turn 
behind the vehicle aspeciralicgta aa 

Wiring 


The recording from the camerais 
carried to the front ofthe car via 
wiring hidden out ofsightin a“, 


Nissan’‘s roof lining. 













Switch 
To switch between the LCD 
monitor anda mirror, the driver 
simply flicks a switch at the 
bottom ofthe frame. 





Camera 

This small digital 
device is mounted 
top-centre ofthe 
rear screenand 
records through 
its narrow-angle 
lens using 13 
million pixels. 
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Previous life 
Each ofthe 14 Voyager 
aircraft started life as 
an Airbus A330-200. 















‘i |) de 















Travelin style | 
Inside the RAF Voyager, 
there is room for 291 , 
passengers with in-flight 0 riaiie nospial 
entertainment and 86cm | nate 7 = A cErotChore 
(34in) of legroom. | aoe Rae ee 
and three critical- 

Engine care patients. 

The plane is powered = 

by Rolls Royce Trent 

77268 engines, 





Can planes refu 
in mid-air? 


How planes are able to keep flying for days thanks to airborne petrol pumps 


‘ou might think that filling your 
car up at the petrol station isa bit 
J ofa tiresome task, fiddling 

around with the fuel cap and trying to 
squeeze the pump so you reach a nice 
round number, Imagine doing that 
thousands of metres in the air, travelling 
at hundreds of kilometres an hour. 

This is the task that faces every pilot 
that flies a plane like the RAF Voyager, an 
aircraft designed to refuel planes while 





I6 How It Works 


stillin the air. This huge aircraft lines up 
with other planes, which lock onto it via 
fuel hoses and receive up to 1,200 
kilograms (2,646 pounds) per minute of 
fuel from the pods underneath each 
wing. This is really useful as it means 
surveillance aircraft are able to remainin 
the air for much longer periods of time, so 
they don’t lose targets or give away 
crucial secrets —like where their base is 

- by repeatedly returning there to refuel. 


Another benefit is that fighter planes 
can lift off with less fuel than usual and 
more weaponry, because the refuelling 
plane can follow them and deliver fuel 
when needed. This makes long-distance 
missions much more practical and 
worthwhile. Each aerial refuelling has to 
be executed with pinpoint precision, 
with highly skilled pilots manoeuvring 
themselves into position while still going 
at huge speeds. #@ 






Transport (Sa 


For thirstier planes 
Larger planes can lock 
onto the tail ofthe plane 
and receive an incredible 


1,800ke/min (3,9681b/min). 


Fuel transfer 

Up to1,200kg/min 
(2,6461b/min) of fuelis 
transferred from the 
Voyager to each plane. 


| are are ern altars 

of these amazing 

Lage) Lara} providing 

vital fuel for RAF aircraft 

with five more on the 

MEAL aT n 2.4301 oe 

Each Voyager is capable 

of carrying an incredible 

111 tonnes of fuel and 

43 tonnes of freight in 

its cargo hold. This means 

it can respond | to most 

rls froma great 

ef es nce away as it has 

eYoyaam an em itt range and 

ability to hold supplies 
for long journeys. 











How to refuela plane 


Lower the hoses 
A27.4m (9oft) hose is storedin 
each wing. At the command 
fromthe missionsystem 
operator (MSO), theyare 


Gas guzzlers 
The Voyager is 
able to refuel 

RAF Tornado, 
Typhoon and C-130 
Hercules planes. 


released and unwind throughan "4 


opening in the wing. Each hose 
hasa basket on the end that will 


be caught by the following plane. 








| Doubling up 
Two planes can be 
refuelled at thesame 
time, as hoses drop 

from each wing. 













ele iiatesrl mae) lt) ei 
their flying machines 


Nats yaW corel om Lolth MAM Onl=mit=l (Mela | late Meelis Laem 
leading the esctrclge into autonomous refuelling, 
which is Winelgc) Maarten) aircraft can receive 
avr} ice Flevelant-¢ Maura) tanker. 

Mie Tereli eats A are using for these 
experiments are Global Hawks, one of which has 
been specially prepared to receive fuel and the 
other to provide it. They line up with one another, 
before the lead aircraft drops the hose down to 
the following aircraft, which detects the hose’s 
position and locks Platte) the drogue, which is a 
ranel on Aut i of the Us 


Locking on 

The aircraft to be refuelled 
extends a probe and flies toward 
the hose so the probe enters the 
basket. Once this connection has 
been made, the MSO isableto 


j give the order forthe refuelling 


to begin. Once finished, it slows 
down and the hose disconnects. 
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AMAZING ANSWERS TO CURIOUS QUESTIONS 





What was the 
fastest round- 
world trip? 


ccording to the Guinness World 

Records, the fastest aerial 
circumnavigation (without going into space) 
still belongs to Concorde. In 1995, the 
Supersonic passenger jet set off from New 
York, USA and circled the globe in just 31 
hours, 2/ minutes and 49 seconds, reaching 
Mach 2 - twice the speed of sound. The 
historical flight was made as part of an 
event to celebrate the anniversary of 
Christopher Columbus’ discovery of 
America. Steve Fossett set the solo record 
in 2005 in Virgin Atlantic’s GlobalFlyer. He 
flew 37,000 kilometres (22,991 miles) in 
6/7 hours, two minutes and 38 seconds, 
without stopping to refuel. 
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Why use solar-powered boats? 


hipping accounts for 2.7 per cent of all 

global carbon dioxide emissions (aviation 
in comparison Is less than two per cent). If 
the amount of carbon in the atmosphere is 
going to be reduced, maritime travel is one 
of the key sections to address. Sailing is a 
tried and tested format, but what about 
solar power? 

A strong candidate for the solar-powered 
boat crown is the MS Turanor PlanetSolar 
from the project of the same name. The 
largest solar-powered boat on Earth, it 
contains over 500 square metres (5,382 
square feet) of solar panels that drive the 
vessel’s two electric motors. The catamaran 
doesn’t generate any carbon emissions and 
for travel at night or prolonged heavy cloud 


o— 


cover, lithium-ion batteries are used. The 
boat crossed the Atlantic in 22 days (a 
record for a solar-powered vessel) and can 
navigate for up to 72 hours in the dark on 
battery power. The Turanor is also 
completely silent so noise pollution is 
another eliminated problem. 

Solar energy has also been proven to work 
on smaller, less expensive craft. Recently, 
Englishman Simon Milward created his own 
small vessel, which successfully crossed 
the Channel. It’s still early days but if the 
use of solar power can catch on in the 
maritime world, traversing the seven seas 
in an environment-friendly way could be 
a massive step in reducing the human 
carbon footprint. 


SS 
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How does brake fluid work? 


S Cars get ever faster - the Hennessey 

.Venom GT can reach an eye-melting 
300 kilometres (186 miles) per hour in 13.63 
seconds - the brakes used to stop them 
must stay up to speed. Braking in cars would 
not work without the fluid. Brake fluid works 
because it does not significantly compress. 
As you press the brake pedal, the force is 
transferred to pressure In the fluid. This 
pressure causes the brake pads to squeeze 
the wheels, converting the kinetic energy to 
heat via friction and slowing the car down. 


As aresult, it is essential that the fluid has a 
high boiling point so it doesn’t evaporate 
after prolonged use. If it does begin to 
evaporate, the effectiveness Is seriously 
compromised because gas can be 
compressed much easier than a liquid. The 
boiling point of the fluid is measured in DOT 
numbers, which stands for the US 
Department of Transportation. DOT 3, 4, and 
5.1 are made of glycol and DOT 5 is silicone 
based. It is recommended your brake fluid is 
changed every two years. 


transport == 


What ts inertial coupling? 


Von Inertial coupling is a dangerous effect and yaw about all three axes. The effect 

J which can undermine the performance was discovered when engineers and pilots 
of aircraft trying to manoeuvre at high tried to break the sound barrier in the 
speed. It is not an aerodynamic effect, Forties, and is made worse by long, thin 
but one caused by the simple laws of aircraft designs with stubby wings and 
conservation of angular momentum - when small tail planes. Enlarging these 

an aircraft attempts to roll at high speed, aerodynamic surfaces helped to negate 
centrifugal forces cause it to buck, pitch inertial coupling’s dangerous effects. 


<¢ Enlarging these 
aerodynamic surfaces 
helped to negate 
inertial coupling’s 
dangerous effects 7 
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Are there any advantages to 
cars like the Reliant Robin 
that have three wheels? 


n the 197Qs, three-wheeled cars mostly owed their popularity to 

low prices, but now their efficiency is earning them a newfound 
respect among hybrid vehicle engineers. Light and aerodynamic, It 
takes little energy to get a three-wheeled car on the move. Their 
engines are smaller and less fuel-hungry than those in their four- 
wheel counterparts, making them economical both to purchase and 
to run. Three-wheelers’ small size also makes them extremely 
manoeuvrable. Modern versions usually have two wheels at the front 
and one at the back, making them just as stable as conventional cars. 
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Why are ships called ‘she’? 

are ships called ‘she’? ge a. 
ILy —_— -° <¢ Seafarers relied 
S their ship like 2 goddess. Columbus named Keep them inmind. There's anotheriess «= ON their ship to 
ipon their ship to nurtuta themand keep ‘European languages, noune are consxieredto TILUPture ther and keep 


them nourished, like their wives and mothers. be masculine or feminine. Perhaps the word them scopvsaeles he d a B 
lt was bad luck to have women on board, so ship was one of the feminine words. | lL MOUFTSS JA? 
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66 Why are we emotional? 
70 Howare heart transplants performed? 


72, Canwe fight the war against superbugs? 


73 Whatis wave diffraction? 

74. Howis antivenom made? 

75 What's inside a nucleus? 

76 Howis laser eyesurgery performed? 
78 Whatis ebola and how does it spread? 
80 Howis eye colour formed? 

80 Whatis dry ice and howis it produced? 
81 Whydowecry? 

SPM et ley As com ote 

84 Canweunderstand crystals? 

STOMA UIM eka aatlckelacbiataccys 

87 What's the physics of ayo-yo? 

87 Whatis anion? 

88 BitesizeQ&GA 


64 S== How It Works 


S= AMAZING ANSWERS A CURIOUS QUESTIONS 





J 
Ss 











Science 





felipe a a) 


AMAZING ANSWERS TO CURIOUS QUESTIONS 












emotional? 





Human emotions are governed by a complex mix of chemicals and electricity - 
learn all about our moody biology now... 


he human brain weighs just overa 

kilogram (2.2 pounds) and plays host to 

an estimated 86 billion neurons, and at 
least as many supporting glial cells. Signals are 
transmitted along each nerve electrically, by 
eradients of charged ions. Each neuron makes 
hundreds of connections to those around it. 

At each of the 300 trillion synapses inthe 
human brain, chemicals knownas 
neurotransmitters relay messages from one 
nerve to another. Each neurotransmitter hasa 
set of corresponding receptors, which can be 
activatory or inhibitory, helping nerves to fire, or 
suppressing their activity. This enormous 
chemical and electrical system provides the 
complex network that enables us to feel 
emotion, from the all-consuming addiction of 
love, to the raw devastation of grief. 

Techniques like functional magnetic 
resonance imaging have helped reveal areas of 
the brain involved in processing emotional 
responses. This data, in combination with case 
studies of patients with damage to areas of their 
brains, and information gathered from 
investigations in animals, has enabled us to 
map of emotional connections in the body. 
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Anotable area ofthe brain when it comes to 
moodis the limbicsystem -asmall cluster of 
interconnected regions involved in memory 
storage and decision-making. The limbicsystem 
is directly connected to the olfactory bulb, 
which processes incoming smell signals from 
the nose, providing the biological link that 
allows odours to recalla memory. Recent 
research at the Kavli Institute for Systems 
Neuroscience in Norway suggests smell-based 
memories are triggered with the activation of 
corresponding brain waves to those 
experienced on initially experiencing the scent. 

The nucleus accumbens links the limbic 
system to other areas of the brain also involved 
in the processing of emotion. For instance, the 
basal ganglia, at the base of the forebrain, has 
been well studied for its role in the planning and 
co-ordination of movement, but certain areas 
also light up in response to positive emotional 
stimuli and are thought to be involved in reward 
and reinforcement. Damage to part of the basal 
ganglia, known as the ventral pallidum, causes 
anhedonia — the inability to experience 
pleasure. The orbitofrontal cortex, located above 
the eyes, also activates in response to positive 


experiences, and is thought to play arolein 
evaluating reward versus punishment. 

Another approach to the study of complex 
emotions like happiness is to break them down 
into smaller parts. Pleasure is evolutionarily 
ancient and is based ona chemical reward 
system that acts as a biological incentive to 
repeat beneficial behaviour. There are several 
‘reward pathways’ in the brain, but the most 
studied is the mesolimbic pathway. 

The pathway transmits dopamine signals 
from nerves in the middle ofthe brain, upward 
and forward, to the limbicsystem and the 
prefrontal cortex, which are involvedin 
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The emotion 
control centre mene 


Discover the key elements of the limbic fromthe hippocampus | 
| system, one of the main regions of the | to the 2noiete ecm 
brain which processes our feelings 
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Septal nuclei 
Theseptalnucleiactasa | 
crossover point for many 
connectionsin the limbic 
system, described asa 
‘pleasure zone’. 
















Hypothalamus 
The limbic system 

influences the rest of 
the body through 

nerve and hormone 
signals transmitted a a | | f 
via the hypothalamus ——— = | “Ja —/ 5; 
and pituitary gland. i, ia | + — 
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Olfactory bulb 

Incoming information from 

| the nose is passed directly 

| through the limbic system, 

which is why scents are so 

closely tied to our emotions 


| and memories. 









Synapse 
Sensations travel round the body 
via nerves, linked by electrical 

| synapses, connecting the brain 
and body to marshal our 
emotional responses. 
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— | brain cells co-ordinate 
= | Hippocampus \ the behavioural and 

} Thetwo horns of ij physiological response 

| the hippocampus | toincoming emotional 

Psi ronived it yam| stimuli, particularly 

- converting fearandanxiety. 








} short-term memory 
to long-term memory. 





Emotional messengers 


Dopamine Noradrenaline GABA 

This neurotransmitter feeds the Related to adrenaline, this Gamma-aminobutyric 
reward pathway in the brain andis neurotransmitter isastress acid (GABA) is the brain’s 
involved in motivation, drive, hormone that co-ordinates the maininhibitory 
pleasure and addiction. Abnormally fight-or-flight response. It mediates : neurotransmitter. It 
high levels of dopamine are linked many ofthe physical components subdues nerve 

to loss of contact with reality, of emotion, including raised heart transmission, allowing 
delusions and lack of emotion, while rate, and also acts in the brain to neurons time to recover. 
low levels are linked to addictive enhance alertness, cognitionand Increased GABA activity 
behaviour and risk taking. decision-making behaviour. reduces anxiety. 
Serotonin Beta-endorphin Oxytocin 

Serotonin was first recognised by Endorphins are natural opioids, Often described asthe 
scientists for its ability to constrict producedinresponse to pain, ‘bonding hormone’ or 
blood vessels, and has since excitement and exercise (pictured). : ‘love hormone’, oxytocin 
become widely regarded by Beta-endorphin binds to the same isunique tomammals. 
scientists as the ‘happiness mu receptors as pain-relieving Although research is still 
hormone’. Chemically known as morphine. Present on nerves in initsinfancy, oxytocin is 
5-hydroxytryptamine (5-HT), the brainand spinal cord, they thought to playa rolein 
increasing the serotonin levels in modulate neural activity, causing intimacy, childbirth, 
the brain isthe main goal of mild sedation, relieving pain and sexual arousal, trustand 
medical antidepressants. inducing joy. pair bonding. 


How It Works 6/ 


<== AMAZING ANSWERS TO CURIOUS QUESTIONS 


emotional processing. Under normal conditions, 
this pathway serves as a motivator for positive 
actions, producing pleasurable feelings that 
reinforce beneficial behaviour like eating 
high-calorie food, social interaction and 
reproduction. Activation of the pathway also 
aids in memory retention, increasing the 
likelihood that the action will be repeated in 

the future. 

Unfortunately, the pleasurable feedback is 
so strong that abuse of the pathway is common. 
Many illicit substances, including cocaine, 
amphetamine and MDMA, affect the 
mesolimbic pathway, resulting in a pleasurable 
reward, butalso contributing to habituation 
and addiction. 

It’s not all about the brain though. The 
feelings associated with emotions are the result 
ofa complex mixture of incoming sensory 
messages that come from all over the body. 

The autonomic nervous system (more 
commonly known as ANS) is the subconscious 
arm ofthe peripheral nervous system, and is 
responsible for bodily functions that are not 
under our voluntary control, such as heart rate, 
digestion and sweating; 
ittoo is wired in to the limbic system. 

The ANS has two distinct components with 
opposing functions. The sympathetic nervous 
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Faking emotions is harder than it seems 
Humans are social animals and have evolved 
extremely good facial recognition skills - so if 
something isn't quite right, we are quick to 
notice. The muscles around our mouths are 
under fine voluntary nerve control, which not 
only provides the range of motion required for 
speech, but also enables us to fake a smile. But 
people are not easily deceived. Facial 
expressions involve a multitude of subtle, 
involuntary muscle movements, and re- 
creating them Is incredibly difficult. The 
forehead and eyebrows are particularly 
challenging, as the muscles are mostly under 
subconscious control. It is hard to achieve the 
same expression with voluntary muscle 
contraction, and our eyes are often the biggest 
giveaway when a smile isn’t genuine. 





Mapping out 
emotions 


The complex human emotions are the 
result ofsensory signals from the rest 
of the body. Researchers at Finland's 
Aalto University charted the areas of 
the body most commonly associated 
with different feelings to produce 
maps of where we experience the 
major emotions. The images 
demonstrate how different emotions 
trigger different levels of sensation 
around the body. Here high levels of 
sensation are represented with 
warmer hues, and vice versa. 
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Anger 


Laughter vs stress 


These two opposing states have very different effects on the 
body, as we reveal here... 


Raised blood 


pressure 

Stress causes the heart to 
beat faster and the blood 
vessels to constrict, 

























Euphoria ——— _ 
Laughter causes the release 
of endorphins - natural 
opiates that give asense 








aPNSES: raising blood pressure. 
Reduced pain Muscle tension 
Endorphin release asa In response to stress 
result of laughter also acts the body prepares the 
as anatural painkiller. muscles fora ctivity: 
very strong emotions 
| like anxiety and anger 
Increased \ can lead to shaking. 
blood flow | 
Laughing relaxes h 
the blood vessels, 
increasing blood flow 
to the body's tissues. Stomach 
Cramps 
In emotionally 
challenging 
situations, the brain 
/ diverts blood away 
f from the digestive 
: system, prioritising 
| A muscles and brain. 
f= —w 
| » Sweaty palms 
As part of the 
fight-or-flight 
response, the 
sympathetic 
nervous system 
activates sweat 
elands onthe 
[mp roved hands, feetand in 
Immunity the armpits. 
There issome 
evidence that 
laughter can ” 
have a positive 
effect onthe | P, 
function of the Lowered immunity 
immune system. The stress hormone cortisol 


(which is produced inthe 
adrenal glands; not shown) 
suppresses the activity of 
the immune system. 





Neutral Anxiety Love 


Fear Disgust Happiness Sadness Surprise 
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happiest 
countries 


: (based on wealth, economic growth and quality of life, 2013) 
: 1. Norway 
: 2. Switzerland 

: 3. Canada 

: 4. Sweden 

: 5. New Zealand 
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occupations in 
the (2014) 


Publican 
Elementary construction 
Debt collection 





re tp are often influenced by 
i sical stimuli, be it food, 


eect hai HAPPIEST and 
SADDEST states 
and noradrenaline to prepare the body for ‘fight adrenaline and noradrenaline as part of : in the United States 


ee ee ee 





system uses the neurotransmitters adrenaline emotions. Stimulation of the heart by 


or flight’, raising the heart rate and mobilising the fight-or-flight response produces the : (Gallup-Healthways Well-Being Index, 2013) 3 

resources to fuel the muscles. The rapid palpitations associated with anger, -_ nee , : 

parasympathetic nervous system uses fear and embarrassment. Its actions on the : 1. North Dakota 1. West Virginia 

acetylcholine to allow the body to rest and digestive system cause ‘butterflies inthe ' 2. South Dakota 2. Kentucky 

digest, slowing the heart and breathing, and stomach’, and activity at the glands onthe 3 3. Nebraska 3. Mississippi 

diverting the blood supply to the gut. hands, feetandinthe armpits, leads to Bo a ah ues Sst pis ie seeemencie tt ace 
Sensory feedback produced by the effects of sweating when nervous. 

the autonomic nervous system contribute to More passive emotions, like sadness or 

many ofthe familiar feelings associated with contentment, on the other hand, require little 


physical response, and the parasympathetic 


miele rt) ij light nervous system takes control of the heart, 


slowing its rate. Feelings of contentment and Of 129 gold medal ceremonies at the 
for the control of heart rate, blood pressure sleaieiraines : | , . 
breathing - another indicator of , compared to just 


and respiration, and governs the function of 
most of the internal organs. It’s divided into parasympathetic activity. 

two parts. The sympathetic nervous system is The limbic system is also connected 
responsible for the fight-or-flight response and tothe body Via the hypothalamus. This 


= pd ail oe Crbelelhee Meat ce small region, located on the underside of the 
and shaking associated with action-based 


emotions like anger and anxiety. While the brain, links the nervous system to the 3 country : 

parasympathetic nervous system has the endocrine system, which produces hormones : | ra £ i 

opposite effect and plays a bigger role in more -—some of which are key mediators of mood 

passive emotions like sorrow and contentment. andonsation. Porexamole: carirorodin : Travel app Jetpac analysed | 'WSTAGRAIV 
ee “ : IIAGES BY COUNTRY, ranking photos based : 


eight per cent of male competitors 


releasing hormone is produced in response 7 on whether the subject hadawide grinora : 
to stress, and leads to the release of the stress : tight-lipped smile. Brazil finished first, while : 
hormone cortisol from the adrenal glands : the USA lagged behind in 33rd place. The UK : 
above the kidneys. : ranked 62nd and Japan came bottom 


The regulation of emotion is not just restricted 
to one area of the brain -it involves almost the 
entire body. Reducing the bewildering 
complexity of human emotion downto anatomy, 





physiology and, ultimately, brain chemistry, peaks at the 

might seem clinical and overly simplistic, butin of and 

reality, the fact that humans are capable of e | 

experiencing such an extraordinary range of according to the 

abstract feelings is one of the greatest wonders London School of 
Contempt Pride Shame Envy of biology, with many chemical puzzles still Economics (2013) 
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waiting to besolvedinthis area. # 
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How are hear 
transplants 
performed? 


Discover what happens in one of the most complex surgeries 








eart transplants area life-saving 
H treatment that can restore a patient’s 
quality of life. 

Selecting suitable people for a heart 
transplant is a carefully controlled process. 
There are strict criteria to ensure maximum 
possibility of success, preventing wastage of any 
precious donor hearts. Aheart transplantis 
recommended ifa patient has severe heart 
failure, where not enough blood is being 
pumped around the body. Causes of this include 
diseases of heart muscles (cardiomyopathy) and 
a variety of genetic cardiac diseases. Patients 
typically have to pass psychological and 





The steps of transplant surgery 








Recipient aorta 


Recipient t 
Superior — 


vend Cavd 


Recipient 
partial left 
atrium 


Recipient 
inferior 
vena cava 


—___—__» 


Firstincision 


emotional testing, be willing to take lifelong 
medications and have a current expected 
survival time of less than one year without 
transplant. Sometimes, newborn babies are 
affected, with ultrasound tests revealing 
structural problems meaning that the heart 
cannot pump enough blood. Further blood tests 
to rule out current infections and confirm tissue 
compatibility are performed. 

The technical process of transplantation is 
complex and demanding for both patients and 
cardiac surgeons. The first step involves 
retrieval of the heart from the donor, at which 
time other organs might be harvested. The 





receiving patient is given a general anaesthetic 
anda cut made through the breastbone 
(sternum) to access the heart. A heart-lung 
bypass machine is then started, and the heart 
transplant takes place. At the end ofthe 
operation, the new heart is tested, and ifit’s 
pumping blood successfully, the bypass 
machine is removed, the breastbone closed and 
the patient is moved to an intensive care unit. 
After the operation, lifelong medications are 
taken to prevent the body rejecting the new 
heart. These include immunosuppressants, 
which reduce the patient’s natural immunity, so 
their body does not reject their new heart. @ 






Recipient 
superior \ ¥ 
__, Recipient Donor venacava ———> & 
_ pulmonary _ heartright , 
~ artery atrium ma 
se Donor 4 
‘Donor sees ee | e r 
“| heart left | 
»., atrium | , — 
Donor 
heart 
Recipient f 
inferior — I 
vena cava 
Attaching the heart 


The sternum is cut with aspecial saw that doesn’t damage the softer tissues underneath. 
The sac containing the heart (pericardium) is cut open and the patient placed ona heart- 
lung bypass machine. The blood vessels and chambers ofthe old heart are disconnected, 
leaving the back wall of the left atrium in place, which acts as the starting point for 
attaching the new heart. 
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The veins carry blood back toward the heart. The biggest -the 
inferior and superior vena cava - drain into the right atrium. These 
are carefully attached to the new heart, which fixes the donor right 
atrium into place. Tiny stitches are sewn using very sharp needles, 
special needle holders anda steady hand! 
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Parts of a heart taken 
from a donor or transplant 
recipient can be used to 
treat other patients 


| | 
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Surgical 
sutures 
(stitches) | 


Healthy heart | 
isattached | 


Donor heartright 
atrium in place 





Completing the 


operation A 
The final steps include attaching , 
the body’s biggest and 8 eI 
strongest artery -the aorta. ~ | 
This pumps oxygenatedbloodto ™ 
the entire body andis under the 

| highest pressure. The vessel 
bringing oxygenated blood back 
from the lungs (the pulmonary 
vein) isalso attached. The 
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Surgical sutures clamps controlling the vessels 
securere cipient’s are removed andthe new 

; 2 ; heart started withasmall 
vein to right atrium burst of electricity. 
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Can we fight the war 
against superbugs? 


Learn how bacteria will hide, change, lie and cheat to 
evade antibiotics and secure their survival 


acteria are vital to our survival. They 
help us digest food, keep our skin clean 
from more harmful organisms and help 
develop our advanced immunity while we’re 
young. However, they can also cause disease, 
which ranges from simple eye infections to 
life-threating illnesses. 

Antibiotics were discovered in 1928 and almost 
overnight they changed what were once fatal 
diseases into trivial infections. But despite 
effective medication, bacteria are smart and know 
how to fight back. They can change their shape, 
hide in plain sight and alter their surface 
appearance. After an attack from antibiotics, the 


The revenge of the superbug 





How the toughest bacteria are taking over 












few bacteria left over are the strongest of the 
bunch and are resistant to the current crop of 
antibiotics; this is true survival of the fittest. The 
lasting bacteria then multiply, become stronger 
and are able to survive attacks from other 
antibiotics. This is known as ‘multidrug resistance’ 
and has led to certain bacteria being ominously 
called ‘superbugs.’ 

Over the last 30 years, it’s been stated that too 
many antibiotics have been prescribed, which has 
contributed to this resistance. This is why doctors 
no longer give antibiotics for simple colds; they 
have no effect on viruses but contribute to 
antibioticresistance. @ 








Resistance 
, , inhumans 
| Bottom of the Antibiotics given for 
ee food chain simple illnesses 
> Modern farming lead to resistance in 
| techniques mean healthy people. 
: animals are given 
antibiotics to keep them 
healthy. They 
subsequently develop 
resistant bacteria in 
their guts. 
Realm of 
the superbug 
| Si The remaining bacteria 
i are now resistant tothe 
strongest antibiotics and ; 
y are called superbugs. Entering 
Bs They spread as patients hospitals 
move and healthcare staff As patients enter and 
go between patients. leave hospitals, these 
tough bugs start 
Entering our growing . wards and 
food cha in nursing homes. 
The resistant bacteria Commun ity 
in food and vegetables 
canremaininthe cata 7 
human gut once we've ommunity resistance 
eaten dheat. gradually develops, 
helping the toughest 
bacteria to establish 
and spread. 
Future 
A) strategies 
Crop circles Weak targets —»* Q<—Doctorsonly 
Fertiliser used on They cause infections, prescribe antibiotics 
crops contains animal secondary to the main e #7 ee 
matter, which also reason the patientis in s e123 enn eNew 
contains the resistant hospital. Doctors treat J l pel ter 
bacteria, increasing these, but some bacteria antibiotics tackle 
their spread. still remain. I L ee the toughest 
ofresistance. 
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How antibiotic 
resistance develops 


Normal function 
Antibiotics target 
bacterial cells, by 
changing the signals 
of their outer wall, 
theirmembrane 
shape, impairing 
DNA functionin the 
cell or by blocking 
protein synthesis. 





Changing the 
landing zone 
Bacteria can change 
the shape and 
structure ofthe 
molecules that 
antibiotics target, 
meaning they can’t 
recognise them and 
rendering them useless. 





One in, one out 
Antibiotics enter 
bacterial cells via 
special pumps. The 
bacteria can develop 
more exit than entry 
pumps, meaning 
the antibioticis 
exited faster than it 
can enter, 


Entry policy 
Bacteria can stop 
antibiotics entering: 
they can change the 
shape ofentry 
pumps andreduce 
the size of pores, 
meaning the 
antibiotics are too 
large to enter. 


Inactivation 

The strongest 
bacteria are able 

to develop special 
enzymes, which 

can destroy the key 
parts ofan 

antibiotic before 
they even havea 
chance to take effect. 





Science 


What is wave 
diffraction? 


What force makes waves spread outward? 


aves are very uniform and will happily travel obstacle tend to fan out, like expanding ripples 











in straight lines forever. Unfortunately for onapond. 
them, there are lots of things that get in their Diffraction explains how you can hear things 
way and when something does, it causes the waves to despite not being in a direct line with the source. 
spread out. This is called diffraction. Someone standing around the corner can make a sound, 
When a wave meets an obstacle, it will wrap itself which travels in a wave. As it reaches the edge of the wall, 
aroundit,so eventhoughit doesn’tchangespeeditdoes __ it’sableto spread out, which is how you can hear around 
change direction. Waves that have had to negotiate an corners even though you can’t see aroundthem. @ 




















Wavelength Increased range 

The distance between Diffracted waves continue 
successive waves (peak to expand, meaning they 

to peak ortrough to can be experienced overa 
trough)is called wider area. 

the wavelength. 

Gap size V3 

Gaps em oe ers 

wavelength produce ianiearni nit 

less diffraction. Fecctonie he Smaller gaps 
Maximum diffraction waves. but will When met withasmaller 
isachieved when the aH Leaded gap, each wave is 
gsapisthe same sizeas minorrippleat concentratedintoa 
the wavelength. theedges. much smaller space. 






Waves 
Waves will move 
inasteady, 
uniform pattern 
until disrupted. 


What is pressure? 


Find out how this powerful force is measured 


P ressure is an invisible force that is An object with force of ten Newtons and 
always acting on us, evenifwe can’t an area of ten square metres (107.6 square 
feel it. That is because all matter, feet), therefore creates one Pascal of 


regardless ofits size, has mass. pressure. Even something as light as air 
Pressure is measured by dividing the exerts a force, so right now, the 

amount of force exerted by an object by atmosphere around us is exerting 

the area of that object. Force is measured pressure on us. Having a weight placed on 

in Newtons and is worked out by your head or going underwater increases 

calculating the object’s mass multiplied the pressure on your body simply because 

Ohigs(mecd (od esta lO) ee the force acting on you isincreased. # 















sound waves move verymuch 
like those yousee in water, 
except thatthey reinvisible to 
the human.eye 
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Practical uses 
Radio stations use 
diffraction as a way of 
reaching the highest 
audience possible. 


Diffraction 

After being squeezed 
into the space, the 
waves splay outward, 
still at the same speed. 
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AMAZING ANSWERS TO CURIOUS QUESTIONS 






A snake being milked for 
venom. It can either be held 
ind forced to bite or allowed 
to do so on its own accord 


How is nature’s deadliest venom 
transformed into its own cure? 


hether it’s a deadly cobra, spider or two to eight degrees Celsius (35.6 to 46.4 degrees 
scorpion, antivenoms offer us one final Fahrenheit). A centrifuge (inset above} is then used 
lifeline against otherwise fatal stings to separate the plasma in the blood before 

and bites. At current estimates, snake bites alone enzymes are introduced to break down the 

are responsible for up to 100,000 deaths everyyear, | antibodyto get antivenom. Types of venom vary 

so the production and development of antivenom considerably between species so this process must 

is vitally important. be repeated for a wide range of animals. 

The process was devised in 1894 by French Antivenom is similar to vaccinations but has one 
bacteriologist Albert Calmette, a student of Louis key difference. Vaccinations are used to teach 
Pasteur. The poisonous animal is ‘milked’ for human antibodies to develop a resistance against 
venom by gently pressing on the venom glands to a disease. However, the nature and ferocity of 
test on horses, sheep or goats, etc. The chosen venom means the body can never create enough 
animal is injected with a minute amount ofthe antibodies to fight back fast enough. Therefore, 
venom (so little they suffer no ill effects) and its ready-made ‘donor’ antibodies are the perfect 
body responds by creating antibodies. These solution. With this backup, the body’s defences can 
antibodies are then collected via a small blood multiply and attack the venom molecules, 
sample taken from the animal and cooled at neutralising them before they destroy cells. # 


Venom and the body 


How this weapon affects human cells 
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= 1.Before venom 2. Venom injected 3. Channel blocked 

= Amusclecellreceiveschlorideionsvia Thevenom-in this case, ofthe The chlorotoxin blocks chloride ions 
— channels on its surface. These havea deathstalkerscorpion- contains from entering or exiting the muscle 
= specificshape that will only allow chlorotoxin,aproteinchainthatisalso cell. Thisstops the cell from 

+ matching molecules to passin or out perfectly shaped to fitin the chloride functioning properly, causing 

6 ofthe cell to facilitate activity. ion channel. paralysis and, ifnottreated, death. 
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Science 


What’s inside 
a nucleus? 
















@ 
Dissecting the control centre ofa cell ¥) 
urrounded by cytoplasm, the nucleus responsible for making proteins out of amino 
contains a cell’s DNAand controls all of acids which take care of growth and repair. «) 
its functions and processes such as Being so important, the nucleusis the 
movement and reproduction. most-protected part ofthe cell. In animal cells it 
There are two main types of cell: eukaryotic is always located near its centre and away from C4) 
and prokaryotic. Eukaryotic cells containa the membrane to ensure it has the maximum 
nucleus while prokaryotic do not. Some cushioning. As well as the jelly-like cytoplasm 
eukaryotic cells have more than one nucleus - around it, the nucleus itselfis filled with 5) 
called multinucleate cells - occurring when nucleoplasm, a viscous liquid which maintains 
fusion or division creates two or more nuclei its structural integrity. 
within the cytoplasm. Conversely, in plant cells, the nucleus is more 
At the heart of anucleus you'll find the sporadically placed. This is due to the larger 
nucleolus; this particular area is essential in vacuole ina plant cell and the added protection 
the formation of ribosomes. Ribosomes are that is granted byacell wall. @ 
Nucleus in context 
Explore the larger 
body that a nucleus 


rules over 











Ribosomes 
















Made up of two 
separate entities, Mito chondrion 
ribosomes make Double membraned, 
proteins to beused this produces energy 
both inside and for the cell by breaking 
outside the cell. down nutrients via 

| cellular respiration. 







Golgi apparatus 
Named after the Italian 
biologist Camillo Golgi, 














they create lysosomes 

and also organise the | Lysosome 

proteins for secretion. Small and spherical, 
this organelle contains 
digestive enzymes that 


attack invading bacteria. 
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How surgeons are able to restore your sight with lasers 


asers have been used to help 

people with short and long- 

sightedness for a couple of 
decades, but the practice of using 
incisionsina person's eye to improve 
their vision has been around for over 
100 years. 

It all started in1898 when eye surgeons 
would make small cuts in the front 
surface of the eye (cornea), to flatten it in 
the middle and let light reach the retina 
more easily. As this technique wasa bit 
hit-and-miss, they came up witha new 
technique that involved using a thin 
blade to slice open the cornea and create 
a flap. The eye surgeon would then slicea 
bit of tissue from the cornea to flatten it as 
before and then fold the flap back down. 

The technology took a huge leap 
forward when they brought lasers into 


What else 
can laser eye 
surgery do: 


Laser eye surgery is not limited to 
curing long and short-sightedness. 
Modern technology is also able to 
cure astigmatism, which happens 
when a person's cornea Is an irregular 


shape, which means light doesn’t 
enter the retina cleanly and is bounced 
about, resulting in blurred vision. 

The laser is able to reshape the cornea. 
The cornea in a short-sighted eye 

is bent too much, so when light 
enters, the image gets formed too 
early and becomes blurry when things 
are far away. The opposite applies 

to long-sightedness, as the cornea 
isn't bent enough. 
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OW is lase 
eye sur 











Reshaping 

Asthe corneais curved, 
they willslice a bit offthe 
frontso the lightisn't 
refractedso muchand 
can reach the retina at 
the correct point. 


eT 
eT? 








Cutting the flap 

Optometrists cut a flap in 
the equation. These incredibly precise front of the cornea with 

either a knife or laserto 


of the cornea without creating a flap, but 
this did lead toa very long and 
uncomfortable recovery. 

Then, in 1999, LASIK entered the arena. 
This procedure, combining two previous 
methods, required a flap to be made and 
then the laser could get to work with 
shaping the stroma layer of the cornea. 
This allowed for more precision than 
ever before and vastly reduced the 
discomfort from the previous method. 

The actual surgery takes a surprisingly 
short amount of time. From the point at 
which the numbing drops get popped in, 
the creation ofa flap, reshaping and 
replacing it should take between 15 and 
30 minutes, with full vision returning 
within 24 hours. @ 


Lenses 
Glasses or contact 
lenses can correct 
vision by bending 
the light rays as they 
enter your eye. This 
helps the rays to 
focus onthe retina 
so we can see. 



















Laser eye 
surgery has 

| taken giant 
leaps forward 
inthe last 

' two decades 












































Science 


A look inside 
the eye 


How does surgery correct 
a short-sighted eyeball? 


Lens 
The lensalsois 
responsible for 


= lay bending light. As it e , Yn Ss Ss 
Ntraocular tens travels through, it will y ) | | 
The newest technique on hit the curved lens of <_< for nu i lees 








the marketis to implant the eye and continue 
J alensinto the eye, WNICH gems bending. This isnot We've all heard about 20/20 
does much the same as involved in laser eye 






vision, but what exactly does 





daa. =a Short- oOo 
4 ie sightedness See have Tire) Ne mt 
; 7 how tall letters have to be for 
short-sighted anormal eye to be able to see 
| people Callsee them at 20 feet (6.1 metres). 
near objects Someone with 20/20 vision 
because theyare can see letters of that height 
bigger and more from 20 feet, meaning their 
light manages to e 


vision is justas expected. 
Someone with 20/40 vision can 
see something at 20 feet thata 
person with normal vision can 
see at 40 feet (12.2 metres). So, 
the bigger the second number, 
id eToRU UO) econ OTomts ts) e)eR 


Scale of sight 


20/2 


Vision of a falcon, over eight 
times better than a human 


20/20 


Normal vision - minimum 
requirement to be a fighter pilot 


20/40 


Worst your eyes can be and still 
be allowed to drive 


eyes 


Still just about able to read 


& reachtheretina. 





newspaper headlines 


— ae ; aa Optic nerve 
» aang Retina | Once light has hit 
" Thisis the light the retina, it will 


The cornea sensitive part of send the signal A 
The very front ofthe eye the eye that via the optic Ss % 
is curvedin order to receives the light nerve at the back So) 5 | y 8 
bend light towards the and converts it ofthe eye tothe =f 8 8 Ee 
retina. Ifthisis too intoa signal brain. Itis made | : a 
curved, light is overly that then moves up ofarounda Legally blind - however, you 2 
bentand doesn’t reach to the brain million fibres. still can see STOP signs Go 
the retina. for processing. a 
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Discover how this deadly virus attéet 
body and spreads. Toa htumé 


f you've looked at anewspaper or television in 

the past couple of months, then it’s likely you 

will have heard of Ebola. The 2014 outbreak in 
West Africa has caused thousands of deaths across 
Guinea, Liberia, and Sierra Leone, leaving many 
people confused and scared about thisinfectious 
and often fatal disease. — 

Ebola virus disease (EVD) is spread viacontac e5 
with the blood, bodily fluids and organs ofan 
infected person or animal. A person only becomes 
infectious once their symptoms start to show, 
which is usually two to 21 days after infection. The 
initial symptoms are asudden onset of fever — 
fatigue, muscle pain, headache and sore throat,” 
followed by vomiting, diarrhoea and rashes, _ ‘ 
eventually leading to impaired kidneyand liver x 
function, as well as internal and external bleeding. 

There have been many outbreaks since the 
disease first appeared in 1976, but the most recent 
has the highest death toll due to it spreading to 
vastly populated urban areas instead of being 
contained in rural villages. 

There is currently no licensed treatment for 
Ebola, but there are potential vaccines currently 
being developed and tested. However, the chances 
ofsurvival are significantly improved ifthe body is 
quickly rehydrated, buying more time for it to fight 
offinfection. # 


~" 


Why 1S Ebola -Theshapeand 


structure ofthe 

we de adl oP Ebola virus) = 
Y . makesita 

Instead of being sphere-shaped, like most viruses, the particularly © 
Ebola virus is actually long and thin, giving ita larger virulent one 
surface area for attacking a larger number of cells. The ra 
virus is also covered in attachment proteins that bind to 
the receptor sites of human cells and release the virus’s 
genetic material, allowing it to take over healthy human 
cells and replicate itselfinto new copies of the virus. Once 
itenters the body, it will first aim to disarm the immune 
system so that the white blood cells can’t fight offthe 
virus before it spreads quickly. As a haemorrhagic fever 
virus, the infected cells release proteins which cause 
blood to leak out of the vessels. This is what causes the 
most extreme and often fatal symptoms of Ebola, 
impaired kidney and liver function, adrop in blood 
pressure and internal and external bleeding. 
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AMAZING ANSWERS TO CURIOUS QUESTIONS 


Whatis d 
and how is 
it produced? 


How do rock stars and actors get their 
atmospheric assistance? 


ice 








f you've ever been to any kind of Celsius. The main benefit of using carbon 

stage show, there’s a chance you'll dioxide is that when it warms up it 

have seen dry ice being used. Thisis sublimates, which means it changes from 
the stuffthat’s pumped onto the stage to solid to gas without becoming a liquid. If 
simulate mist, or generally make the you warmit up and pumpitacrossa 
place look awesome, but whatis it and stage, it will turn instantly to cool- 
how is it made? looking mist, rather than liquid. 

Dry ice is actually highly pressurised Itis really useful for packing frozen 

liquid-carbon dioxide that has been goods that need to stay cool because 
frozen to a temperature of -78.5 degrees when it warms up, it turns gaseous. # 


S & 

M | 1@ , n 5. Hands off 
a 4 | & ¢ 1C = Never touch solid 
| } ; dry ice with your 

) hands, asitis 

: extremely cold. 
1. Bag ; 
Clamp a bag over the nozzle 

ofa CO2 fire extinguisher. 


2. Gloves on 

Put onsome thick 
glovesand briefly 
release the valve. 





Spot the difference 


Not only is there huge variation in eye colour in 
the human population as a whole, but some people 
also have amazing variation in their own eyes. People 
with complete heterochromia have two aifferent- 
coloured irises. 

The trait is not inherited and is most often the 
result of random gene mutations, or sometimes 
physical injury, causing uneven distribution of 
melanin. Heterochromia is quite rare in humans, 


6. Don'tseal it 
Youcan store itin 
the freezer but not 
inasealed 
container as it 
could burst. 


3. Valve 
Turn offthe valve, 
Shake offany 


excess iceandtie 
up the bag. 


but common in dogs, cats and horses. 


© Science Photo Library 


4.Showtime 


Place the bag down 
and openitup, 
allowing the ice to 

| sublimate ena ent ais 
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hether it’s a sad film, a joyous 

reunion or simply that you've 

just banged your knee on the 
coffee table, everyone has cried at some 
pointin their life. But why have we 
evolved to do it? 

There’s a theory that it stems right back 
as far as our pre-evolved days, where 
tears streaming down our primitive eyes 
and blurring our vision was a sign of 
surrender, proving that we meant our 
aggressor no harm. 

But moving on to the present day, the 
science shows that there are a number of 
sound biological reasons for tearing up. 

There are reflex tears, the stream 
caused by getting smoke or sulphenic 
acid from a chopped onion into your eye. 
When this happens, sensory nerves in 
your cornea send a signal to the brain 
that the eyes need protecting. The brain 
then releases hormones into the lacrimal 
glands located behind the eyelid, which 
produces tears to provide a layer of 
protection and to water down the irritant. 

However, the more common form of 
crying is the emotional! kind. When 
strong emotions are brought about, the 
brain's cerebrum is aware that you are 
undergoing a strong emotional reaction 
toastimulus. The endocrine system 
releases a set of hormones to the lacrimal 
gland, which secretes liquid onto the eye. 

Studies of tears have shown that there 
isa biochemical reason for emotional 
crying. While reflex tears are 98 per cent 
water, emotional tears contain several 
chemicals, including adrenocorticotropic 
hormones present in times of stress, and 
leucine-enkephalin, whichisan 
endorphin that releases painand 
improves your mood. Therefore, crying 
appears to bea way of releasing 
hormones and toxins that build up 
during times ofintense emotion. @ 


Find out how our tears have been helping 
to protect us since the dawn of time 


The 
lacrimal © 


system 


Cornea 
Tears help protect the 
surface of the eye. 


Tear ducts 

This is where the water 
flows to. lfthere’s too much, 
it flows down the face. 





— 





Lacrimal gland 

This gland receives the 
message from the 
cerebrum to produce tears. 
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AMAZING ANSWERS TO CURIOUS QUESTIONS 


What is zero-g? { 


Learn about the physics behind weightlessness 
and how it affects the human body in space 


Iso known as weightlessness, zero gravity 
is experienced in space stations and 
satellites, as well as for short periods in 
vacuum shafts and aircraft on a certain flight 
path (see the boxout below). 

The term ‘zero gravity’ is actually misleading 
and is more appropriately called microgravity 
as the force is prevalent throughout the universe, 
albeit to varying degrees. For example, it is what 
keeps the Moon orbiting our world, and the 
reason Earth and all the other planets circle 
the Sun. Remarkably, on board the International 
Space Station (ISS) gravity is only around ten 
per cent weaker than on Earth. 

While it may seem as if astronauts and objects 
have become so light they are floating, their mass 
is no different than when on terra firma. 
Essentially, they are all inasynchronised state 
of freefall - where the only force acting on them 
is gravity. Like the space station itself, everything 
in Low Earth Orbit (LEO) is falling around our 
planet at an equal rate, drawn by Earth's 
gravitational pull. In fact, every objectis onits 
own individual orbit (just like the Moon) - 
hence why these physics apply whether 
someone is inside a space station or outside 
during a spacewalk. 

A good way to grasp how weightlessness 
works is by imagining yourselfin an elevator. 

As the lift travels down we experience a tiny 


reduction in weight, as the car is moving 

with gravity, while going up we gain whatis 
called ‘apparent weight’ because of the additional 
force exerted by the floor accelerating against 
gravity. should the lift cable snap, gravity will 

be the only force at play. As a result, both you 

and the car will fall at the same rate - 9.8 

metres (32.2 feet) per second squared — so 

for the duration of the drop, you would ‘float’ 

in midair. 

Handily for astronauts in training, there 
are ways to re-create the sensation of 
weightlessness here on Earth. NASA boasts 
the most advanced technology, which involves 
a vacuum-pumping process that lowers the 
pressure inside a building so objects can 
freefall for just over five seconds. 

Theories suggest it takes the human body 
around 40 days to adjust to microgravity, 
which explains the frequent feelings of 
nausea when exposed to weightlessness. 

In this state, many changes occur to the 
body. Among other things, there has been 
reported weakness, loss of balance and, 
most severely, a reduction in bone calcium. 
This raises concerns over how long humans 
can spend outside Earth’s atmosphere and 
scientists continue to scrutinise all 
astronauts returning from missions for any 
physical damage. # 


Re-creating weightlessness on a plane 


Described as ‘a space adventure open to the 


public’, the G-Force One plane operated by the Zero 
Gravity Corporation goes through 15 parabolic arcs 


during its journey between 7,300-10,360m 
(24,000-34,000ft). Passengers experience 1.8 


10,5500 = 
x 10,000 45° nose high 
2 9,500 
= 9,000 
iS 
ov 
3 8,500 
pe 8,000 
= 
= 7,500 
7,000 


0 20 


times their own weight in gravity at the start of the 
climb but are then shifted to microgravity and 
weightlessness at the arc’s peak. This is the effect 
of centrifugal force being exerted on the plane but 
the zero-g periods only last for about 25 seconds. 


a 


30° nose low 
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Manoeuvre time (seconds) 
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Here X-ray diffraction 
crystallography is used to study the 
molecularstructure ofthe enzyme 
methanol dehydrogenase 
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crystal 


rystallography is the analysis of crystals, 
used to increase our understanding 
ofinternal atomic structures — not just 

of minerals but of any substance which can 

be crystallised. 

The practice is centred on the unique 
geometry ofa crystal. First theorised by French 
physicist Auguste Bravais, all ofa substance’s 

angles are measured to finda 





crystal or lattice system. Co-ordinates are 
plotted to determine any symmetry, which can 
then define the atomic structure. 

X-ray crystallography was popularised by 
German physicist Max von Laue in1912, who 
showed crystals could be diffracted by this 
method. Atoms within the crystal diffract the 
X-rays and the angles ofthe deflection are 
measured. Scientists can then map a material's 

inner structure in great detail. 


Can we understand 


” aie Vi leyea ez le)ayyaiebcoweral koe wel mei 
e buzz, but what exactly is it? 


This technique can be used to determine the 
structure of organic substances such as protei 
and DNA, as well as vitamins, alloys and other 
composite materials. 

The rise of crystallography has paved the NE) 
to understanding atomic structure and bonding 
across many scientific fields like never before, 
though this technique remains relatively 
unknown. This is why the UN has declared 2014 
as the International Year of Crystallography in 
order to raise its profile. @ 







The sab ae of X-ray 


crystal 


The practice is thought to have 


originated from the work of Max von 
Laue. The German physicist worked in 
universities across the country, under 
the guidance of famous scientists Max 


Planck and Albert Einstein. He 


discovered the diffraction of X-rays 
through the atoms of a crystal in 1912. 
His results were developed with the 
help of physicists Paul Knipping and 


Mapping out a protein 


How crystallography unlocks our microbiology properties ofthe rays and 


2. Protein crystal 

A proteinis too small to analyse in 
its natural state so it is concentrated 
and grown into acrystal form. 


1, X-rays ——=— 
An X-ray machine provides 
high-frequency EM radiation 
which diffracts on contact 

with the crystal. 


6. Protein model 

From the computer imagery 
and electron density map, a 
model can be created that 
displays the protein's 
atomic structure. 





ography 


Walter Friedrich and demonstrated the 
period arrays of atoms in crystals. 
Englishman William Bragg and his 
son Lawrence built on Von Laue’s work 
to create an X-ray spectrometer that 
analysed the molecular structure of 
crystals, showing the relative positions 
of atoms in crystals. Von Laue and the 
Braggs received the Nobel Prize for 
Physics in 1914 and 1915, respectively. 


3. Catching rays 


4. Make animage 
A detector measures the 


The datais then 
uploaded to a computer 
so crystallographers 
can examine the 
crystal’s molecular 
structure inside. 


how they're distorted. 


5. Electron 
density map 
Atomic co-ordinates 
are drawnupanda 
high-resolution map 
is created showing 
the newfound 
diffraction pattern. 


©SPL 
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Will we ever 





cure deamess? 


We're getting ever closer to restoring the gift of hearing 


here are more than 250 million people 

in the world who suffer from hearing 

loss or deafness, but it seems there is 
hope for them now. 

Humansare able to hear things thanks to 
thousands of tiny hairs just inside their ears that 
vibrate when sound waves hit them. Sensory 
hearing loss occurs when they die or become 
damaged, meaning that they are no longer able to 
perform that action. This usually happens when 
the ear has been subjected to loud noises or the 
hair no longer regrows, often due to old age or 
natural degeneration. 

Fortunately, scientists have been working 
hard to reverse that process. Arecent study by 
British scientists has found that there is a protein 
contained in the body called Notch that stops 
new ear hair cells growing from stem cells. 

They have developed a drug that blocks this 
protein, meaning the body can regrow those 
crucial ear hairs. 

Asecond experiment carried out by the 
University of Kansas injected a harmless virus 
into the ears of patients, which had a gene called 
Atoh1in it, which stimulated the growth of the 
sensory hairs. 

While we are still an awfully long way from 
being able to cure deafness from birth, these 
recent developments mean that people who have 
steadily lost their hearing could soon have it back, 
as loud and clear as ever. # 


Help for hearing 
While the prospect of regrowing sensory hair 
cells and curing deafness Is really exciting, there 
have been ways of helping people hear for a long 
while now. Ear trumpets were used in the 1/th 
century as a popular way of helping people hear 
as they provided a much wider area for the 
sound waves to get trapped in. 

Nowadays, digital hearing aids are the norm. 
They are placed in the ear and a receiver 
registers the sound wave. A silicon chip then 
converts the sound waves into electrical signals, 
which are then released into the ear. They are 
basically just a way of capturing sounds the ear 
wouldn't have heard otherwise. 

Failing that, cupping your hand behind your 
ear gives you an extra 12 decibels of sound, so 
you can try that as a small temporary boost if 
you're in a loud room! 
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How ears work 


How do our ears turn invisible waves into sound? 


Making waves 
Noise travelsin 
waves, which enter 
the eardrum, either 
directly or guided 
there by the grooves 
in your ear. 





Damage 
Loud noises can wear away 
the hairs, which don't 
regrowas you get older. 





To the brain 


These electrical signals get 
sent to the brain where the 
vibrations get transmitted 
into sounds. 








This tiny organ contains 
\ thousands of tiny hairs 
thatsense the impulses 
and convert them into 
electrical signals. 


/ FF 
a YD Tipe Organ of Corti 
Vs | 


Cochlea 





ae iscontainedina The waves move to 

besser lee vi rus inj ected into the cochlea where 
- | | they enter the 

the cochlea. organ of Corti. 


Regrow 
The injected Atohigene 

stimulates the formation of 
new hair cells. 





Back to normal 

New hair cells replace the 
dead ones, helping people 
to hear again. 


Science 





he first part of howa yo-yo works is 
fairly easy to explain. Astringis 
looped around the axle of a wheel 
and then wound around, making it look 
like a cotton reel. As you throw it out of 
your hand, it drops downward because 





Downward throw 
Direction of throw and 
gravity pulls the yo-yo down. 


Rotation 
Tightly wrapped 
string makes it rotate. 





nionisanatom or 
molecule that has an 
electric charge, which 
stems from animbalance of 
electrons and protons. Extra 
electrons result ina negative 
charge while fewerresultina 
positive charge. The process of 
atoms turning to ions is called 
ionisation and occurs between 
metals and nonmetals. Metal 
atoms become positive ions and 
nonmetal atoms become 
negative ions. An example of 





How yo-yos work 


The full cycle of a yo-yo’s journey 








Inaspin 
Asitreaches the end 
ofthe string, it 
continues spinning. 


Pull up 

Tugging onthe string 
increases friction between 
yo-yo and string. 


What Is an ion? 


The electric science of charged atoms revealed 


ion-forming elements are 
sodium, chlorine and 
potassium. Sodium and 
potassium are metals while 
chlorine isa nonmetal. 
Electrolysis can be used to 
separate ionic compounds back 
into their pure elements, where 
an electric currentis passed 
through to divide the charged 
ions. This technique is 
especially useful for extracting 
precious metals, such as gold 
and silver, from their ores. % 


of gravity and starts to spin as the string 
unravels around it. 

But when it gets down to the bottom, 
gravity can’t do any more work, but it 
continues to spin because of rotational 
energy. This is called ‘sleeping.’ Aswift pull 





V7 





Why does a yo-yo spin? 


How we are able to ‘sleep’ and ‘walk the dog’ at the same time 


on the string increases the 
friction between the yo-yo 
and string. This makes it bite 
on the string and the rotations 
make the yo-yo wrap itself 
back up the string and climb back up. # 








Return home 
Asit grips, it continues 
to spin, rolling backup 
the string. 


Firm grip 

Increased friction 
causes the yo-yo to grip 
the string. 





Salt in the making 






What role do ions play in producing this popular seasoning? 


1. Loss 2.Gain 
The sodium atom The chlorine atom 
tries to losean wants to gainan 


electron to make 
itself stable. 


electron to make 
itself more stable. 


Sodium atom 


Chlorine atom 





3. Ions , 4. Salt 

Asodiumionanda Na+ The resultis the 

chloride ion are created. ee enGrne compound sodium 

The opposite charges per sabi chloride -ormore a 

generate a strong ionic caren anion) commonly salt. s 

bond between atoms. s 
Sodium chloride (NaCl) ° 
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What ts the most 
radioactive thing we 
encounter day to day? 


adon is a radioactive, colourless and odourless gas 
that is found all around us in very small amounts 
and is responsible for most of our daily dose of radiation. 
Radon gas a decay product of radium, which in turn is a 
decay product of uranium. Small amounts of uranium are 
found in the soil, with an average 2.6 square kilometres 
of surface soil containing about one gram of radium. 
Radon gas seeps into the atmosphere from the ground, 
where its primary way of entering the body Is by Silas . | 
inhalation. This doesn’t pose a serious health risk, as 

levels are generally low. However, some places have Are the re othe lr 
higher concentrations of uranium, leading to dangerous 


buildups of radon gas, particularly inside homes. It’s the funny bones’ in 


second-biggest contributing factor toward lung cancer. } 5 
—_ sth body: 


he term ‘funny bone’ ts misleading 
™ because it refers to the painful 
sensation you experience when you trap 
your ulnar nerve between the skin and the 
bones of the elbow joint. This happens in the 
so-called cubital tunnel, which directs the 
nerve over the elbow but has little padding 
to protect against external impacts. The 
ulnar nerve takes its name from the ulna 
bone, which is one of two bones that runs 
from the wrist to the elbow; the other is the 
radial bone, or radius. No other joint in the 
human skeleton combines these conditions 
and duplicates the this erroneously named 
reaction so we only have one ‘funny bone’. 








Ss mu 4S there any 
" ae eSvesnasttans = WY tO capture 
What are the physics involved and use energy 
“Ly, ST aaning? from lightning? 
with bungee jumping: 


D eriving energy from lightning is 
e are taught that everything falls touching the floor. The ball should be level . 





problematic not least because you 









) towards Earth with the same with the top of the Slinky. Release both of can’t guarantee when and where strikes will 
acceleration of g = 9.8 metres (32.2 feet) per them at the same time and watch as the top occur. Furthermore, lightning bolts are 
Square second - ignoring air resistance. of the Slinky descends faster than the ball. literally gone in a flash so their energy would 
However, a bungee jumper often accelerates The top of the Slinky not only accelerates have to be captured instantly. Currently, no 
much faster than this. Of course, this due to gravity, but has a tension force from device can do that and developing one is not 
depends on variables like the tension in the being stretched, also pulling down on it. A an appealing investment opportunity. One 
cord, as well as the weight of the cord and bungee cord stretches under its own weight researcher claimed to have powered a light 
jumper. This phenomenon can be visualised as it hangs. So when someone jumps, they bulb with lightning when it zapped a giant 
by dropping a Slinky and a ball at the same are pulled down not just by the force of Capacitor connected to grounding wires, but 
time. Hold the Slinky, letting it hang but not gravity but by the tension in the cord as well. | that result has never been reproduced. 
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How does light 
therapy help — 
people with SA De 


easonal affective disorder (SAD) is a 
form of depression associated with a 
lack of bright light. It can be most severe 
during autumn and winter when outdoor 
light is in reduced supply. Most indoor lights 
have been found to produce little or no 
benefit for sufferers and even increased 
exposure to sunlight is often ineffective. 
High-intensity light boxes have produced 
positive results, but it is not 100 per cent 
certain why. Researchers believe light 
stimulates mood-controlling chemicals in the 
brain, possibly in conjunction with the body’s 
internal clock, which regulates hormone 
secretion and other functions such as sleep. 





What is 
litmus paper? 


itmus paper is absorbent paper 

treated with litmus, a mixture of 
dyes which change colour with pH. 
One of many acid-base indicators, 
litmus reacts to concentrations of 
hydrogen ions (in other words, the 
pH), turning increasingly red under 
acidic conditions (below pH 7) or blue 
in basic conditions (above pH 7). The 
indicator molecule can exist in two 
different-coloured states: one 
associated with hydrogen, and the 


other not. In an acidic solution, excess 
hydrogen ions lead the red, hydrogen- 
associated form to dominate. 
Conversely, in a basic (alkaline) 
solution the equilibrium is shifted and 
the blue, the hydrogen disassociated 
form dominates. 


_— 

















How will we 


What does a cell’s produce plastic 


cytoplasm dor 


ytoplasm is more than filler; it performs 

many critical biological functions ina 
cell. By definition, cytoplasm is all of the 
liquid inside a cell membrane but outside of 
the nucleus. Cytoplasm gives the cell its 
open, balloon-like shape through a 
scaffolding of microtubules and 
microfilaments, called cytoskeleton. 
Organelles also use microtubules as 
pathways to travel throughout the cell. In 
addition to water, cytoplasm contains 
enzymes that break down glucose into a 
substance digestible by mitochondria. Other 
enzymes dissolve cellular waste so it can be 
removed through the cell membrane. 





How ts denim 
made 


enim is a tightly woven fabric of two 
different colours of cotton yarn, indigo 
(blue) and white. In textile manufacturing, 
denim is known as twill weave. In this type 
of weave, the indigo yarn runs top to bottom 
and the white runs side to side. The weaving 
equipment is programmed to weave the 
white under the indigo with an alternating 
pattern that creates the trademark diagonal 
blue lines on the denim surface and white 
lines on the back. 


| °T > 
when oil runs out: 
A s the global oil supply dwindles over 

the coming decades, plastics 

manufacturers will turn to natural gas, 
biomass and recycling as the feedstock of 
the future. Today, just about every plastic 
product - from Tupperware to polyethylene 
carpet - is derived from petroleum, a 
non-renewable fossil fuel that will dry up. 
The plastics industry has already shifted to 
natural gas, a more abundant fossil fuel, for 
most polyethylene production. Biomass 
holds real promise as a renewable source of 
plastics. Crops like corn, sugarcane, beets 
and potatoes contain dextrose, which can be 
fermented to produce lactic acid. Lactic acid 
can then be converted into lactide. The 
resulting polylactic acid is now the world’s 
most popular bioplastic, used widely in food 
packaging. Experts predict that we will 
eventually resort to mining old landfills in 
the search for recyclable plastics. 


Is clumsiness a 
biological trait? 


M. ild clumsiness - such as tripping over 
| shoelaces, bumping your elbow, etc 
- is not likely to be a biological or hereditary 
trait, but doctors do believe that severe 
clumsiness has genetic causes. Studies have 
shown that severe childhood clumsiness is 
often caused by a developmental disorder. 
Such children take far longer to reach 
developmental milestones like walking, 
running, etc. Occupational therapy works 
wonders in many Cases. Severe clumsiness 
in adults can also be cause for concern. 
Symptoms like involuntary movements and 
an unsteady gait can be early signs of 
Huntington’s disease, a hereditary 
degenerative brain disorder. Don’t panic - 
often clumsiness is just poor co-ordination. 
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Why do some 
flights take less 
time in one 
direction than 
the other? 


We lying east to west commonly takes 





longer than flying west to east, because 
a high-altitude wind called the jet stream 
blows from the west, slowing the aircraft 
down. The jet stream always blows in the 
Same direction because of Earth’s rotation. 
Warm air from the equator rises and moves 
north or south towards colder regions. Areas 
nearer the poles rotate slower than the 
equator. Air from the equator has the same 
‘fast’ rotation speed around the planet as 
the equator, and as this air moves to regions 
where the ground beneath it rotates slower, 
it turns into a wind moving west to east. 


Why do we 
sometimes get 
mouth ulcers? 


lcers are small lesions usually triggered 

by physical damage to the inside of the 
mouth, for example biting your cheek 
accidentally, eating sharp food or brushing 
your teeth. They are very rarely contagious 
and usually heal within ten days. Recurrent 
ulcers have a variety of causes, the most 
common being stress and hormonal 
changes. In other cases, recurrent ulcers 
may be symptomatic of conditions including 
B12 or iron deficiencies, gastrointestinal 
diseases or immunosuppressant diseases 
such as HIV. Ulcers are sometimes triggered 
by sensitivity to certain foods including 
strawberries, almonds and coffee. 
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What are — 
lithographs? 


t’s a printing technique where the picture 

is drawn onto a block of limestone with 
an oily paint or wax crayon. The stone Is 
then dunked in a mixture of weak nitric acid, 
which reacts with the stone to create 
calcium nitrate on all the blank parts of the 
image. The thin layer of wax attracts 
oil-based printing ink, whereas the wet 
calcium nitrate repels it. You create prints by 
pressing paper against the stone plate. 
Lithography is still used by the printing 
industry but with modern systems. 





0 mood . 
rings work: 
ood rings change colour in response 
™ to changes in skin temperature. 
Proponents claim this can happen when 
shifts in emotional state cause blood vessels 
to carry blood closer to or further away from 
the skin’s surface. These temperature 
changes are conducted through the base of 
the ring to liquid crystals inside and 
stimulate them to change shape. The 
crystals might reflect different wavelengths 
of light, causing the ring to change colour. 
Although mood rings can be said to work in 
this sense, they may also respond to other 
causes of change in temperature. 






What were 
Stanhope viewers? 


hey were a modification of the 
Stanhope lens invented in the 18th 
century by Charles, the Third Earl Stanhope. 
lt was rod-shaped and included two curved 
lenses. In the mid-19th century René Dagron 
adapted it for purposes of micro- 
photography. Dagron added a convex 
magnifying lens to one end of the cylinder 
and swapped the curved lens at the other 
end for a flat one. He sold it as a novelty 
item for viewing tiny photos within jewellery 
and souvenirs, which could otherwise be 
seen only through a microscope. 








How do 
tonisation 
chambers work? 


I onisation chambers are gas-filled 
radiation detectors that use electric 
charges to determine radiation levels. 
lonising radiation knocks electrons off 
atoms as they pass through materials. When 
atoms lose electrons, they become 
positively charged ions. lonisation chambers 
consists of a gas with two conductors on 
either side. Radiation creates ions in the gas. 
A voltage is applied, causing positive 
charges to move to the negative conductor, 
and vice versa. The leftover charge on the 
conductors is measured and used to 
calculate how much ionisation took place. 


Science 


How do 
sunglasses 
protect our eyes? 


L enses in sunglasses are tinted to filter 
out light of certain wavelengths, 
reducing the overall intensity of light hitting 
your eyes, while minimising glare - reflected 
ambient light that obscures your vision ona 
sunny day. Grey, green, brown or red are the 
most effective at minimising colour 
distortion the most - important for seeing 
clearly, especially while driving. Lenses are 
made from glass or plastic; both are 
materials that block parts of the UV light 
spectrum, while allowing visible light 
through. Therefore, just wearing normal 
glasses already offers some protection from 
potentially harmful UV rays. 


How do lava 
lamps worke 
L ava lamps exploit the relative densities 
of two liquids, fine-tuned so that one is 
very slightly denser than the other. One 
common pairing is water and a combination 
of paraffin wax, oil and perchloroethylene 
(PCE). At room temperature, the wax 
mixture is denser than the water, and rests 
at the bottom of the vessel. Flick the switch 
and a tungsten bulb underneath the vessel 
heats the wax, which expands and becomes 
less dense than the water, rising up. As it 
cools, its density increases and it sinks back 
down to the base, ready to repeat the cycle. 








What do chemical engineers do? 


hemical engineers design the industrial 
processes that transform raw materials 
into the products we use every day. They 
find the most cost-effective, safe and 
environmentally friendly ways of producing 
anything from drugs to plastics. Chemical 
engineers usually fall into one of two broad 
categories: process engineers, who design, 
construct and operate plants, and product 
engineers, concerned with developing new 





materials and substances. They apply their 
knowledge to alter the physical and chemical 
properties of different substances and 
materials. A chemical engineer employed in 
the food industry might focus on applying 
heat transfer and fluid flow principles to the 
manufacture of foods. In the energy sector, 


the job could involve developing fuels from 


renewable sources or improving the safety of 
nuclear power stations. 





How are err paintings restored? 


eversing the effects of ageing and 
damage on a painting is a delicate 
process that uses a variety of techniques. 
First, a cleaning solution is applied to remove 
dirt and deposits. Then the restorer identifies 
previous retouches, shown up under 
ultraviolet or infrared light, before carefully 





Stripping away discoloured varnish and 
retouches. Any damage to the canvas or 
Support structure is repaired. Mixed with a 
binder to form a putty, pigments are applied 
to areas where paint has been lost. These 
retouches may be removed with solvents 
that will not damage the original painting. 
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Is there another Earth‘ 





Discover the five strangest exoplanets ever found. 


o boldly go -in Star Trek the starship 
P : Enterprise would visit new planets every 

week from the Sixties onwards, but until 
1995 we didn’t even know whether planets 
around normal stars existed. Then astronomers 
found the first hot Jupiter, called 51 Pegasi b, 
which isa gas giant like our Jupiter, but extremely 
close to its star. That discovery opened the 
floodgates and today we know of over 1800 
confirmed planets ofall types —large and small, 
hot and cold, gas and ice. 

To differentiate them from the planets of our 
familiar Solar System home, astronomers call 
these alien worlds extra-solar planets, or 
Payette for short. Of all these planets, less 
thafh two dozen have actually been 
photographed (and in the pictures they are just 





_ 


points of light). The others are detected through 
several methods, the two dominant ones called 
the radial velocity technique and the transit 
method. The former makes use of the 
gravitational interaction betweenastaranda 
planet -— the star orbits the centre of mass 
between the star and planet, andso to usit 
appears to wobble, sometimes by just a few 

cy gLSDGNL=1Rdcicp SLUM MONE ROclbciocB LEB Olds meO nel 
Doppler shifted. The size of the Doppler shift and 
the period of the wobble tells us about the mass 
of the orbiting exoplanet and the size of 

its orbit. 

Transits happen when a planet passes in front 
ofits star. Our telescopes are not powerful 
enough to resolve the silhouette of the planetin 
front ofits star, but we can detect the tiny dip in 


the star’s light. The size of the dip, andthe 
regularity with which the transits happen tell us 
the diameter of the planet and how farfrom its 
star it is. Ifastronomers are able to see a transit 
and measure the radial velocity, they can then 
measure both the mass and diameter of the 
planet, and calculate its density and work out 
whether itis rocky, gaseous or some mixture of 
the two. 

Exoplanets are discovered with both ground- 
based telescopes and space-based telescopes, 
like the Kepler planet-finding satellite, and witha 
new wave of planet-finding space missions being 
built, as well as giant ground-based telescopes, 
we can expect to discover thousands more 
planets, and perhaps even the holy grail ofa 
planet just like Earth. # 








This could be the view of 
thesunset on GJ 667Cc, with 
atriple sunset seen in this 
artist's impression 


The statistics... 
GJ 667Cc 
Distance: 22.7 lightyears 


Mass: 2.26 x 1025 ke (3.78 Earth 
masses] 


Diameter: 22,425 km 


Length of year (orbital period): 


28 Earth days 


Discovered: 2012 


Discovery method: Radial 
velocity 
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The statistics... 
HD 80606b 


Distance: igolightyears __ 


Mass: 7.6x 10"27ke (4 Jupiter 
masses} 


Diameter: 128,776 km 

Length of year (orbital period): 
111 Earth days 

Discovered: 2001 


Discovery method: Radial 
velocity 
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Big daddy of the 
The statistics... planets 


CoRoT-7b 

Distance: 465 light years Besides the powerful winds, the heat that hot 
Jupiters receive warms their atmospheres so 

much that their atmospheres expand, 

increasing their diameters. When it was 
Lombiokyeariniiialosdnde discovered, WASP-12b was the hottest planet 

ears _ known, witha temperature of 2250 degrees 

Discovered: 2009 Celsius. Its expanding atmosphere, which 

Discovery method: Radial increases the planet's diameter to 419,000 

ey kilometres (257 million miles), is vulnerable to being 

torn away by the gravity ofits sun ata rate of189 

_ quadrillion tonnes per year, which formsa large tail of gas, a 
The surface of CoRoT-7b is so bit like a comet. The gravitational tidal forces also distort the 


hot that the nearside of the planet into an egg-shape. Thisis one very messed-up planet. 
planet has melted intoan | 
eee rene wrelce| | 


Mass: 5-9 times the mass 
of Earth 


Diameter: 20,132km 








WASP-12b‘s expanded 
atmosphereis being torn away 
intoalong tail that forms a disk 
Udo) UeeleMlecpoits Va 








Understanding exoplanet transits 


The Kepler Space Telescope discovers planets by watching for their transits as they pass in front of their stars. 





evete iter Bbetekeves tier beetle) aac tat 

Whena planetisn‘t transiting, Astronomers can only seea Ora e sale eet lecbelelt 
Pertenece tat ReneisiiCiiney MoM Ronen nero: 
ofthe planetand star combined. plane of the star and planet transiting directly, but 
When the planetis behind the ONE aekte cludacavel they can detect how much 
CEVA taL Aes vetst levees ade ties tac with our point of view. starlightis being blocked. 
light, leaving just the light of the 

planet that they canstudy. 





an Ratoaiel 


How frequently a planetis 
seen to transit tells us how 


planet 
long its year is. Some have 


| years that lastjusta couple 
Starspots 


=, of Earth days! 
Lots of phenomena onstars can S i" a fi 


mimic transits, suchas a plaque 
ofstarspots. 





light curve 






How big? — : 
The larger the planet, the more of 
thestar’s lightit blocks, which 
allows astronomers to calculate 
the planet's diameter. 


Distance from their star 

The longer it takes fora planet to 
complete a transit, the larger its orbit, and 
hence its distance from the star. 


brightness 





time 
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The statistics... 
55 Cancrie 





Distance: 41 light years 

Mass: 4.7 X1025kep (7.8 

Earth masses} 

Diameter: 24,000km 

Length of year (orbital period): 
17 hours 

Discovered: 2004 


Discovery method: Radial 
velocity 


a a 55Cancrieisa 


The statistics... jj eget 


around twice the 
WASP-12b Welt eeeel ine 
—$ ____—. | own planet 
Distance: Goolight years 
Mass: 2.56 x 1027 (1.3 times mass of 
_ Jupiter) 
Diameter: 255870km 
_ Length of year (orbital period): | 1 
_ 26hours | 
_ Discovered: 2008 


| Discovery method: Radial 
velocity 





Predicting the sizes of exoplanets 


The size ofatransit-inotherwords, mass byseeing how much astronomers can figure out whether . 
how much starlightisblocked-tells its gravity causesits star to the planet at hand is made of rock, 
astronomers how big the planet ‘wobble’. Density is calculated by gas or water. 

transiting is. This doesn’t tell usits dividing the planet's mass byits 
massorwhatitismadefromthough, volume,andknowing the density Su ToT ke 
but we can work out its volume from ) 

ne nearer ede Ti Ts 


isi 





otc eee eee eee eee eee eee eee Pea eee ee Oe ee 


sa0lgebiae)e! Silicate Carbon ABNER sltslg ds spa eh alunite 
planets planets planets planets a Y 
e)ts betel ks 


© NASA; NASA/JPL-Caltech/R. Hurt (SSC).; NASA/ESA/G Bacon (STScI); NASA Ames: 
ESA/NASA/G Tinetti(UCL/ESA)/M Kornmesser |ESA/Hubble); ESO/LCaleada 


How It Works S= 97 


<=. AMAZING ANSWERS TO CURIOUS QUESTIONS 


What happens at 
theELSlaunch & 
pad site? wore... FS 


he sight ofa rocketigniting and 

blasting offis one of the most awe- 

inspiring things anyone can ever 
watch. For the lucky people in Kourou, French 
Guiana, thisis aregular occurrence, thanks to 
the European Space Agency’s (ESA) multi- 
rocket launch pad. With the birth of the ESA, 
the French-built launch pad was selected as 
the place from where all European-funded 
missions take off. 

The Ensemble de Lancement Soyouz (ELS) is 
made up of three specific sections. There is the 
preparation area, where rockets are put 
together, the launch control centre, a safe 
bunker, which houses the scientists and 
engineers involved in the launch, and finally 
the launch platform, the 53-metre (174-foot) 
high tower that holds the rocket steady and 
vertical until the moment it takes off. The site is ———— 
fairly spread out, with the control centre one | 
kilometre (0.6 miles) away from the launch 
pad, which is connected to the preparation 
area by a 700-metre (2,300-foot) long railway. 

In 2011, history was made at ELSas a Soyuz 
rocket, the most famous Russian-made rocket, 
was launched from the site. It wasa 
momentous occasion as it was the first of the 
flagship Russian rockets ever to be launched 
outside of Kazakhstan or Russia. 

Looking to the future, plans are being 
made for Skylon, a British spaceplane, 
to launch from the site. The exciting 
thing about Skylon is that parts 
are reusable and can be turned 
around in hours, making huge 
savings. Although the runway at 
Kourou would need 
strengthening, the ESA has 
already shown active 
willingness to pump money into 
the site, having already spent 
€1.6 billion (£13 billion/S2.2 
billion) on improving and 
upgrading the site. There is also the 
option to store liquid hydrogen at the 
site, as there are plans to useitasa fuel 
for future Soyuz rockets. # 
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The remote location at Kourou on 
French Guiana makes it perfect for 


space launches 


— 


DS a ee 


“4 z ead ee : 












What makes 
Kourou perfect? 


Kourou is an ideal site for a range 
of launches. French Guiana is one 
of the northernmost countries in 
South America. It sits at latitude 
5°3’, which means it’s only 500km 
(31lmi) north of the equator, ideal 
for geostationary orbit launches 
as the rocket won't need to make 
many adjustments to get the 
satellites into their planned orbit. 

Other pros to being near the 
equator include the slingshot 
effect. As the equator is the 
widest point of the Earth, it has 
the largest distance of rotation of 
any part of the planet. Spacecraft 
can use this rotation to vastly 
increase the speed of the rocket 
and save fuel on launch. 

French Guiana Is ideal because 
90 per cent of the land is covered 
in uninhabitable forests so the 
population is low. This means 
disruption to the locals is minimal. 










Ready for Soyuz 


A huge coup in the history of ELS 
was in 2003 when the Russian and 
French governments came to an 
agreement to begin launching 
Soyuz rockets from Kourou. 

Updates were required to make 
it suitable for the Soyuz rockets to 
launch there. One of the key 
changes was the construction of a 
moveable tower, which could be 
placed next to the launch pad, 
providing access for engineers up 
to a height of 36m (118ft). 
However, the tower itself rose 
53m (174ft) high and was the 


cause of delays to the programme. 

The first rockets scheduled for 
launch arrived in November 2009 
and in October 2011 the first Soyuz 
rocket ever to be launched outside 
of Kazakhstan and Russia took off 
on its maiden voyage. 
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How does the Mars 
Hopper hop? 


The Martian vehicle that will hop, skip and jump its way around the Red Planet 








ritish scientists have designed a robot The Martian atmosphere, thick in carbon leap again and again. The magnets will create 
B that could roam the Red Planet by dioxide, would provide the fuel as itis an eddy current to produce a damping effect. 

jumping over 0.8 kilometres (half a mile) compressed and liquefied within the Hopper. Proposed by experts from the company 
at atime. The Mars Hopper will tackle the rocky Ifsuccessful, the Hopper would allow rapid Astrium and the University of Leicester, the 
landscape by leaping over obstacles. exploration of Mars with tricky terrains like concept was first designed in 2010. Aslightissue 

The Hopper measures 2.5 metres across and hills, craters and canyons much easier to lies in the rate of CO2 gathering, with the current 

weighs 1,000 kilograms, which is slightly more navigate. On current vehicles such as the system taking several weeks to completely fill 
than NASA's Curiosity rover. One hop could Exploration rovers, the wheels have become the fuel tank. However, the vehicle will more 
launch the vehicle up to 900 metres at a time. To stuck on slopes and the sandy, rocky texture of often than not beat a standstill as it thoroughly 
achieve this, a radioactive thermal capacitor the planet’s surface. The Hopper will use scours the Martian landscape, so this should not 
core will provide thrust through a rocket nozzle. magnets in its four-metre leg span to allow it to pose animmediate problem. & 








The first-ever 
spacecraft to orbit Mars, NASA's Mariner 9 
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democratising space exploration. 


As of 2015 Boeing has built 12 ALASA vehicles andthe 


projectis still ongoing. & 


Acomputer-generated view of Sapas Mons, 
alarge volcano on the planet Venus 


TEE! meric 





ALASA 
The launch 
vehicle measures 
in at 7.3m (24ft). 


Cargo 

The total weight of 
microsatellites that ALASA 
will be able to carry inside is 
expected to be 45kg (1001b). 
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volcanoes on Venus? 


Venus has more volcanoes than any other 


planetin the Solar System 


t’sincredibly hot, with a searing 
average temperature of 460 degrees 
Celsius (860 degrees Fahrenheit) - 
much muggier than deserts on Earth. Its 
atmosphere is thick with choking carbon 
dioxide, laced with poisonous sulphuric 
acid clouds that hang above a parched 
landscape. This is the setting of the second 
planet from the Sun, Venus —- also known as 
Earth’s evil twin -and it’s taken some of 
our comparatively tranquil planet's 
characteristics to the absolute extreme. 

In a world where you would be cooked, 
crushed and choked within a few seconds, 
Venus has its dominating network of 
volcanoes to thank for its hellish state - 
over 1,600 volcanoes that have been so 








active in Venus’ past have unpredictably 
erupted to renew the planet's surface with 
plains oflava. From high peaks to 
volcanoes built almost entirely from fluid 
lava flows and the unusual volcanic 
pancake domes, Venus is a geological 
paradise. How did they get here in the first 
place and why are there so many? 

Venus’ anger under the planet’s crust 
made the volcanoes so many probes have 
detected through its thick cloud layer. 
Magma works its way to the surface, 
making some of these volcanoes bigger and 
bigger. Why the planet has so manyisall 
down to the lack of the wind and water 
erosion witnessed on Earth - without 
these, they're never destroyed. & 


F-+15E Strike Eagle 
This fighter plane will 

take the launch vehicle 
up to 12,000m (4,000ft). 








Why launch a satellite 
in mid-air’ 


lanning is well underway on a launch vehicle that 
will slash the cost of launching a satellite by doing 
it from the air rather than the ground. 

Boeing and the Defense Advanced Research Projects 
Agency (DARPA) have joined forces to create a machine that 
will strap onto the underside of a modified F-15E aircraft. 
Upon reaching 12,000 metres (40,000 feet) the Airborne 
Launch Assist Space Access (ALASA) will get jettisoned and 
then use its own four engines to enter a low-Earth orbit 
(LEO), where it will release its payload of microsatellites. 

The benefit of this construction is that it should save 66 
per cent on each satellite launch by not having to use and 
discard a fuel tank and engine. Another big benefit is that 
the satellites can be sent up from standard runways all 
over the world, rather than a few limited launch pads, truly 


Why sending off satellites from a plane offers 
many benefits over land-based launch pads 


Economical option 

Using this method, it should cost 
about £6,000 ($10,000) per 0.45kg 
(1lb) ofsatellite weight; a third of 
the cost ofa traditional launch. 












Engines 

Four engines will fire 
after ALASAis released to 
propel the payload to LEO. 
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Volcano in Eistla Regio on 
Venus, from the Magellan 
radar-mapping spacecraft 


© Science Photo Library; NASA 


me an ; , | 
Venus’ king of volcanoes 
Out of the many volcanoes found on Venus’ hellish 
surface, Maat Mons in the highest of them all, reaching a 


tall eight kilometres (five miles) toward the thick 
Venusian skies. Whether Venus is still volcanically active 
is still something that cannot be decided among the 
scientific community, as present-day eruptions of this 
monstrous peak are yet to be confirmed. 
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What is the 








reatest r 
Oo Earth? 


Hurtling above us are thousands 
of pieces of space junk 


Sf 






* J 
ince the launch of the first satellite, Sputnik 1, in 1957, the area of 5 ss 
space near the Earth has been populated with countless pieces , os a te 

we of debris. Fragments from satellites that have been damaged or a 


destroyed, and parts of rockets and spacecraft remain in orbit, 
forming a true cosmic dump. The danger of these objects is due to 
the risk of collision: they can travel at speeds of up to 70,000 
kilometres (43,496 miles) per hour. Even tiny chunks of debris can 
have a devastating effect on anything in their path when 
travelling at such speeds, as depicted in the 2013 critically 
acclaimed blockbuster Gravity. 4 


Space debris 
Any artificial object without use that’s orbiting around the Earth 
is considered space debris. Single-use rockets can remain in 
orbit, just like spaceship parts or machines removed 
unintentionally to prevent them from entering the wrong orbit. 
There is a wide range of objects; for instance, in1965, Edward 
White lost a glove that kept orbiting at 28,000 kilometres (17,398 
miles) per hour for a month! 

Space debris size 

Space junk comes ina range of fragment sizes, 
all capable of dealing some damage: 





30,000,000+ 100,000+ 
Less than lcm From 1-10cm More than 10cm 
Verysmallparticles These particles These can cause damage 
that cause small can make holes beyond repair. These are the 
surface damage. in satellites. objects that are classified. 
Classified °° 


. _ 4.281 
objects in pois 
space by 
countries = 35 gx 


nd = : 4 
There are over 25,000 saa el ele eter e, s, 
objectsthathavebeen 2,900 ) Se 


melee) 








launched to the low The number of objects larger than lem (0.4in) es 
Earth orbit since 1957. created by satellite and rocket explosions 
A 1.000 
The United States and yal : 44] 
Russia have launched W/Z! ew) 73 | 
the most. (} ue — — — 





Russia USA China France Japan India ESA Others 
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There are different methods of dealing 
with space junk. One could be that 


debrisendsuponEarthandnot Sail Space probe Cable 
-_ orbitingaroundit,butthe. Likeships,thesail Aprobeissetona Acabledragsthe 
"hie most effective wayisto isunfurled when collision course satellite into a lower 
ear sendsatelliteremains thesatellitestops with the specific orbit. It disintegrates 


out of Earth’s orbit. workingandsolar _ satellitetopropel whenenteringthe 





wind diverts it. it out of orbit. atmosphere. 
- = 
Lite _ 
location Inactive Seale) NN hots 


Sfeh ts) AL ests 


Approximately 95 per cent of 
the objects shown orbiting 
Earthin this graphicare space 
debris, only five per cent are 
functioning satellites. Space 


agencies and private Ci ee, 43% 
| companiesare developing — aocketsand eae 
Let Le) 20018 cE COO 1e rocket parts fearon 


* generating more debris. 
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High Earth orbit 
Sere Be ei Above 36, Taieue 
: (22,369mi) 
ow Earth orbit (LEO) » 
Tron Moore) at (99-1,243mi) Astronomic 
The ISS and Hubble ETT cepts las (ts 
By areca BA KONYA eek Met ie ge dts 
\. alsoaresidual panel / 
‘fromthe Hubble. - 7 .. e 
; /Geostationar¥ orbit (GEO) 
36,000km (22,369mi) 
| ) GEO contains de- 
. a ee 1 ee ce P A collision : ae two satellites in @ Debris | | commissioned broadcast 
al J ae 2009 created at least this many | ~ Working “\ Sand communication E 
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. trackable fragments , +.  @ Nuclear waste \__ satellites with no use. 
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<= AMAZING ANSWERS TO CURIOUS QUESTIONS 








How do you power 
a spacecrait? 


The incredible sci-fi technology made a reality TD yen 


nw 





1% 


on propulsion studies beganin the 

1950s, with NASA’‘s Glenn Research 

Center engineering the earliestion 
thrusters for rocket propulsion. 

Inthe system, electrons get pushed into 
the thruster via a cathode tube. These 
electrons, which have an innate negative 
charge, come into contact with the propellant 
— typically the noble gas xenon -inthe 
discharge chamber, drawn by strong 
electromagnets. When afree electron hits 
a neutral atom from the propellant, the 
xenon breaks into twonegative electrons 
PDalees mele LeAU se elem 

The ions then get forced into ion optics, 
which are electrodes that contain 
thousands of coaxial apertures. The end 
that is closer to the exit is negatively charged 
and the end closer to the rocket is positively 
charged. The positive ions stream toward 
Dale elcsees1W hic) hime sts bac-lems)eleme)mnslce-}0l abe acre 
get compressed and forman ion stream. 

This ion stream then shootsout of the end 
of the thruster, providingthe force to propel 
salem aoe cae 

In order to keep the overall system neither 
positive nor negative, a cathode tube calleda 
neutraliser pumps a stream of negatively 
charged electronsinto the ion stream once it 
has been expelled to mix with the positively 
charged ions and balance out the whole 
process so the exhaust remains neutral. 

The main benefit of ion thrusters is that ee 
they are able to propel rockets ata much 
faster pace than a chemically powered 
rocket. The now-retired Space Shuttle could 
travel at a top speed of 28,000 kilometres 
(17,400 miles) per hour, but anion thruster ; 
allows for a speed of 322,000 kilometres Oy i \‘\. 
(200,000 miles) per hour! MTT Tele el auaeee 


The downside is that, unfortunately, the Longer, stronger and faster 


amount of thrust generated by ion propulsion 





TP oe 


ee ore ee The two key benefits of an ion thruster are its Over the course of the trial, NEXT only used 
Sieh al he at tes el longevity and its ability to propel rockets much 8/0 kilograms (1,900 pounds) of fuel, which ts 
as much as 0.5 Newtons (0.1 pounds) of force, faster than it has ever been possible to do. less than a tenth of the fuel consumption of a 
which is about as much as holding ten small NASA's Evolutionary Xenon Thruster (NEXT) is traditional thruster, which would have used in the 
coins (20 pence or quarter dollar) in your one oi the a peg dal geicia=ias) dees eal mage of ee pam wee 
MEU named artrneCretth continuously for sr ie url Elamih>) e weight saving will allow either smaller . 

| = ie and a half years - in a test to discover just how Spacecraft to undertake missions or larger craft 
slow but it can continue over a very long long these units can provide energy. to run for much longer than ever before. 


period oftime. # 
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5. Plasma 

Plasma is created 
when positive and 
negatively charged 
atoms add up to zero. 


1.Cathode tube 


Entry point of the 
system, which fires 
in the negatively 
charged electrons. 


2. Propellant 

Injection 

Xenon is often chosen 

as the propellantasit 

isinert, colourless and 
; neutral. Thisis where 

it gets pumpedin. 


4.Collisions 
Electronsand atoms 
collide, breaking up 
the xenon atoms into 
two negatively 
charged electrons and 
one positively charged 
ion in the process. 


3. Magnetic field 

An electromagnetic field is 
createdin orderto drawthe 
electronsand atoms closer to 
each other and maximise the 
collision potential. 


ion thruster science The inner workings of the machines powering deep-space exploration 


8. Cathode tube 
neutraliser 


This tube fires out 
negatively charged 
electrons to counteract the 
positively charged ions that 
have been expelled into 

the atmosphere. 


7.lonstream 
Ions are compressed 
and sped up, creating 

| extremely fastion 

| streams. These 

| generate propulsion for 
the rocket. 


6. Accelerator grid 


Huge number of 
apertures, negatively 
charged at one end. 
Positive ions move this 
way, electromagnetically 
charged in order to 
increase speed. 


BP am eleeelelicycely 


, a a ey ee 2 ee A a ee a Ae Se 2 ee ee 


One of the first ion engines 
to be created is at NASA. 
Itis powered by 
caesium and based on 
designs drawn up 
by Stuhlinger. 


1932 


Germaninventor Dr 
Wernher von Braunis 
given a grant to look into 
the possibility of running 
electric-propulsion 
seo el¢-1 m=) 0rd beL aoe 


1946 


Dr Ernst Stuhlinger 
observes a V-2 rocket travel 
190km (120mi) and, after 
the war, helps Von Braun 
builda long-range rocket 
forthe USArmy. 


The Jet Propulsion 
Laboratory and NASA 
collaborate to develop a 
xenon-powered ion engine 
—the model for the modern- 
day ion thruster. 








1998 


lon thrusters are the main 
source of power on Deep 
Space 1, athree-year 
mission that involves 
arendezvous with 
Comet Borrelly. 


© Alamy; NASA 
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AMAZING ANSWERS TO CURIOUS QUESTIONS 


Get to know the youngsters 
of the night sky and what 
they can teach us 


‘T Tauri’ is a type of star that is still 
very much in its infancy. Usually less 
than 1o million years old, these stars 
are undergoing constant gravitational 
contraction. Over a few million years, this 
contraction will create enough heat and 
pressure at the core to ignite hydrogen 
fusion and turn the T Tauri into a main- 
sequence star. 
One of the most fascinating things about T 
Tauri stars is the stellar winds and jets that 
develop around them. These are thought to 
occur when material floats into the 
accretionary disc that forms around the star 
and reacts with it, sending off shoots of gas. 
As wellas being visually interesting, T Tauri 
stars -named after the first one discovered 
- provide a snapshot into our own history. Our 
own Sun and Solar System went through this 
: process around 5 billion years ago, so studying 
OW sabia im T Tauri stars should provide us with some 
_ : | oo ali ereat insight into our own origins. @ 


_ TTaurystars’ core. - 





. What makes a planet red? sc 
# Mars isn't alone in the Solar System... 


ack in 2003, a planetoid beyond the 
Kuiper Belt was discovered. Red in 

7 colour, itwas named Sedna, after the 
Intuit goddess of the ocean. 

- Astronomersat Caltech spotted the 
1,800-kilometre (1,120-mile) wide body, which is 
slightly smaller than Pluto, using the Samuel 
Oschin Telescope. Its size means that Sedna’s 
exact classification is still under debate. Sedna i 
has an elliptical orbit that can take it as far as140 
billion kilometres (87 billion miles) away from 
the Sun, with an average distance of 5.9 billion 
kilometres (3.7 billion miles), taking 11,400 years 
to perform a single orbit. , 

Sedna’s redness is thought to be caused by 
either tholin, organic aerosols made by fusing 
methane and nitrogen, or hydrocarbons. Surface 
temperatures can get as lowas -240 degrees 
Celsius (-400 degrees Fahrenheit). # 








© NASA: SPL 
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diamond core? 


Some alien worlds are a girl's best friend, for just 
beneath their surface is a core of solid diamond 


arthisan oxygen-rich planet; it’s in the air 

that we breathe, the water that we drink and 

the silicate rock that we stand on. Imaginea 
planet, though, where there is hardly any oxygen but 
lots of carbon instead. These ‘carbon planets’ holda 
special secret - below the surface the high pressures 
crush the carbon into graphite (the ‘lead’ in your 
pencil) and, even deeper, into diamond. 

Astronomers have shown that planets form by 

condensing from disks of dust and gas around young 
stars. Ifthe ratio of carbon to oxygen in these disks is 
higher than 0.65 then carbon-rich rocky worlds can 
be assembled. Life on such worlds would be difficult, 
ifimpossible, because there is so little oxygen that it’s 
unlikely there would be much water. The atmosphere 
would be thick with carbon dioxide and poisonous 
carbon monoxide, into which towering mountains of 


graphite form, while below the bedrock 
would be as hard as diamond because 
that’s literally what it would be. 

Not all diamond planets are made 
inthe same fashion. One suspected 
carbon ‘planet’ found orbiting a 
pulsar —a spinning supernova 
remnant emitting beams ofradio 
waves - is believed to have once been 
a star itself. The star grew oldand died, 
leaving behind a white dwart, whichis 
about the size of Earth. This white dwarf 
lost its outer layers to the gravity of the ; 
pulsar, revealing the white dwart’s inner core, ~~ 
made of solid crystal diamond. What's more, it 
will outlast our Solar System and many others - 
this diamond really is forever! 





The star that became a carbon planet , 


How could a burning star turn into an astronomical clump of diamond? 


Whirling dervish 
Gas from the white dwarf piles up 
on the pulsar’s surface, increasing 
itsangularmomentum so that 

the pulsar spins over 160 

times persecond! 


Aclose system 
The diamond planetis 
orbiting close to the 
pulsar, ata distance 
ofjust600,000km 
(373,000mi}, which 

is about halfthe 
diameter ofthe Sun. 


Radio telescope 
The pulsar’s flashing 
radio signal was 
picked up by the giant 
LeUMBS MEDI ese 
radio telescope 

in Germany. 


Diamond planet 


Pulsar beam 

As the pulsar spins, it flashes radio jets 
toward us, appearing to pulse. Variations in 
tMetiming of the pulses alerted astronomers 
to the presence ofthe diamond planet. 


Pulsar 

Atthe heart ofthe 
system 4,000 light 
Mare acks MeN eke 
whatis known as 

a millisecond 
pulsar, whichis the 
edema ecitcta 

that exploded 

as asupernova. 


Mass transfer 

The gravity of the pulsar 
isable to strip away the 

hydrogen-helium outer 


The carbon-rich diamond planet isthe core 
ofa white dwarf, whichis the ultimate 
evolutionary end point ofa starlike ourSun. 





layers ofthe white dwarf, 
leaving behind only the 
compressed carbon core. 
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What are magnetic 
stars made irom? 


» 





Meeta star with a magnetic field that's quadrillions e. oe 
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Anatomy of the magnetar How were 


The astronomical make-up the universe’s strongest magnets 
magnetars 
discovered? 


In March 1979, after dropping 
satellites onto the surface of 
Venus, two Soviet spacecraft were 
Anextremely lethal sent drifting though the Solar 
magnetic field System when they were all of a 
It’s said that a magnetar’s sudden blasted by an immense 
magnetic field isso burst of gamma radiation, causing 
powerful that evenata the readings on both probes to 
distance of1,000km : skyrocket from 100 counts per 
(620mi) it would still be 
bad news forlife, , second on to over 200,000 
distorting molecules. counts per second. The numbers 
jumped in almost an instant, or 
mere fractions of a second. 
Amazed and somewhat 
bemused by the finding, scientists 
followed up on the mysterious 
blast that saturated the likes of 
NASA’s Helios 2 probe, the Pioneer 
Orbiter around Venus and, mere 
seconds later, many satellites 
orbiting our own planet. The 
radiation seemed to seep in 
everywhere, which made it easier 
for astronomers to work out 
where it was coming from. 
Narrowing the direction down, 
they figured out the radiation was 
coming from a magnetar made by 
+ ee 4 a star that had gone supernova 
Heavyweight ; , around 3000 BCE. 
champion | , 
They might only havea 
diameter of 16km (10mi}, 
but magnetars are much 
heavier than our Sun. 









Te rere 
ST, 
elmer 


We know magnetars spin 
incredibly fast, but what's more 
interesting is that they're also 
capable of putting on the brakes, 
so to speak, and slowing 
themselves down. It’s an 
interesting observation but it’s 
also one that can’t be easily 
explained by our existing 
theories of physics, making the 
magnetar even more mysterious. 
That’s not to say that 
) ‘ , ae astronomers haven’t had some 

ieee Living a short life | , 3 . intelligent guesses as to what 
feldstheserapidy could be causing the behaviour 

| | they refer to as the “anti-glitch 
very nee oad er : issue.” They speculate there are 
about 10,000 years the | | - pockets of fluid inside the star 
magnetar becomes ! 7 that’s rotating faster and faster 
increasingly powerless. | ded ; , until it’s sloshing around much 
—— , faster than the stellar crust on 
the surface. Of course, this 
theory has not been proven yet, 
but scientists are beginning to 
wonder if these disturbances 
cause a magnetar's crust to 
crack, leading to their decline. 


© Science Photo Library 
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<= AMAZING ANSWERS TO CURIOUS QUESTIONS 


How are space 
mountains created? 


How are the biggest peaks in the galaxy formed? 


e may think of planets and moons 
as round spheres floating inthe sky, 
maybe pockmarked with a crater or 
two, but it turns out they actually can contain 
some of the biggest mountains in the galaxy. 





Mountain 
height (km) 


25m 


45). 


140Km 10kim —— 


5m 


Topping Everest because so much 
of it is underwater, Mauna Kea is a 
dormant volcano in Hawaii that 
houses many NASA telescopes. 
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The highest peak to be found is the Olympus 
Mons mountain on Mars, which stands at an 
incredible 25 kilometres (15.5 miles) high, 
nearly three times higher than the tallest 


mountain on Earth. 


8km —— 


This mountain has lava stretching for 
hundreds of kilometres down the 
shallow slopes, typical of a shield 
volcano, made up of solidified lava. 


Sizing up the tallest mountains in the Solar System 


Of all the mountains in the Solar System, which one is the largest? Here we have 
a side by side comparison of the highest mountains on the rocky planets and 
their satellites - some of them may surprise you! 


25km—— 





Doom Mons, Titan 


Scientists are particularly excited 


about Doom Mons because the 
combination of the peak, huge 
craters and evidence of 
something having 
flowed down the 
sides suggests an 
ice volcano. 


The tallest mountain in the galaxy is a 
potentially active shield volcano. Part of it 
formed over billions of years while some 
parts may only be a few million years old. 


Mountains in space can 
form in two different ways. 
On hot, rocky planets like 
Mars, most mountains are 
shield volcanoes. These 








1.5km — 





Caloris Montes, Mercury 
This mountain ring is made up of 
bedrock disturbed by a huge impact 
that created the Caloris Basin. The 
rocks settled and became mountains. 
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develop like volcanoes do on Earth, with 
extreme pressure under the crust pushing up 
to forma peak. Lava then flows down the sides 
of the volcano before solidifying. The thin 
layers of lava gradually form the characteristic 
profile of a shield volcano. These are ‘self- 
growing’ mountains and they will continue to 
prow as long as lava flows from them. 

This is not the case for other common types 
of space mountains, which are formed due to 
high impact. When a meteor or asteroid 
collides with a moon or planet, a 
crater is formed. Shock waves of 
increased temperature and 
pressure spread over the 

planet's surface, causing 
rocks to crack and rebound, 











forming a peak around the crater edge. An 
example ofa crater mountain is the Herschel 
Crater on the Saturn moon Mimas. We're able 
to see these mountains thanks to incredibly 
sharp telescopes on Earth, while those farther 
afield are captured on cameras mounted on 
spacecraft as they fly by their targets. 

Finally, there is the equatorial ridge on 
Saturn’s moon Iapetus. The current theory is 
that rocks and space debris were trapped in 
the moon’s gravitational field, 
pulled towards it and became 
stuck to the planet, 
forming an ever- 
expanding ridge and 

creating avast 
mountain range. @ 


22km —— 





Boosaule Montes, lo 
Jupiter’s third-largest moon is home 
to this vast mountain, created by 
pressure built up under the moon's 
crust that pushed their way upward. 


NVions Huygens, Moon 
The highest mountain on the Moon 
is named after Dutch astronomer 

Christiaan Huygens and is found in 
the Montes Apenninus mountains. 


It is thought the equatorial ridge around 
Saturn’s third-largest moon isn’t actually 
from the planet but was dragged there 
by gravity and became part of the moon. 


ea. 





The colossal Olympus Mons can be 
easily seen in this photo of Mars 
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Asteroid Vesta 


years ago. 








The second-highest known 
mountain in the galaxy is on 
an asteroid, strangely enough. 
It's thought the whole range was 
created in a single impact, a billion 


—— 6km 
4 
Herschel Crater, Mimas Mountain 
Rising up from the centre of one of the name and 
largest craters in the Solar System isa location 
mountain created by the force of an 
impact on this Saturnian moon. 
How It Works I1l 
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. 
Notreallya giantspace insect 
(so don’ Pe dels 
Ant Nebula igspossibly 
shaped this way due a 
magneticinfluences 
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Why this fascinating view offers an eee into what our Sun may become 
he Ant Nebula is one of the most Scientists stillaren’t100 percentsureastohow  Therotation ofthe star causes the magnetic 
J intriguing phenomena in our galaxy. this space insect formed. Normally, once a star field to fluctuate, but without letting the gas 
Around two light years in diameter it is reaches the end of its life, it violently expels gas get too far away. 
located around 3,000 light years away from our into the void of space. However, the Ant Nebula One of the other reasons for keeping a close eye 
Solar System, in the constellation of Norma. hasn't managed to entirely let go ofits gaseous on Menzel 3 is to get an insight of what might 
The nebula is the result of the death ofa star material. Some theories as to why this unique happen to our Sun whenit starts to die, some 5 
similar to our Sun, but what has intrigued event has occurredincludeasecond,hiddenstar billion years from now. Interestingly close 
astronomers across the globe is the peculiar orbiting Menzel 3 (the proper name for the Ant examination of the nebula shows a controlled, 
shape it has taken on. With a bulge either side of Nebula), holding the gas in close proximity. symmetrical pattern of flowing gas - very 
the star, the nebula resembles an ant, the two Another theory suggests that the staritselfis different from the chaoticswirlsthatscientists = 
lobes looking like the head and thorax. holding the gas close with its own magnetic field. | wouldexpecttosee. # = 
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Can there be life 
moo 


Oegs 


How humans could begin to colonise 
moons in other solar systems 


xploring the universe was once the 

stuff of science fiction, but exomoons 

could change that. Orbiting 
exoplanet gas giants similar to Jupiter or 
Saturn, these moons are comparable to the 
likes of Europa, Titan and Enceladus in our 
Solar System. These three natural satellites 
are believed to have the best chance of 
supporting life so scientists hold similar 
worldsina very high regard. 

Encouragingly, as they orbit gas giants, 
the exomoons are around the size of Earth. 
There are two main techniques in finding 
an exomoon. Firstly, ifthere is a slight dip in 
brightness this could show a celestial body 
crossing in front ofa star. Secondly, the 
gravitational pull from a possible satellite 
can cause light to bend around it, 
momentarily magnifying it like alens. None 
have officially been discovered yet but 250 
potential exomoons have been located. 
Currently, the HEK (Hunt for Exomoons 

with Kepler) project isin place and in 2018, 
NASA will launch the James Webb Space 


Can we farm in space? 


Growing intergalactic plants could be the key to living in space 


ne of the big hurdles to long-haul 

space flight and possible space 

colonisation is the absence of 
foodstuffin deep space. At the moment, 
astronauts are limited to dry processed 
food but methods are being developed to 
grow vegetation or ‘space salad.’ 

The first forays into intergalactic farming 
are being pioneered by NASAtests at the 
ISS (International Space Station) and the 
Kennedy Space Center, as wellas The 
International Laboratory of Plant 
Neurobiology. They all aim to devise ways 
fora terrestrial body to adapt to 


Telescope to study them 
further. To be habitable 
for humans they must 
have the correct 
conditions for carbon- 
loys toi=1OWUbC=B Ce) etNTsES 
survive. Experts 
theorise that binary solar 
systems (systems with two 
stars) are more likely to have 
moons suitable for life. This is 
because binary stars dampen each 
other’s solar radiation, which creates better 
conditions for life. 

Eccentric orbits can put moons briefly 
out of the habitable zone but planetary 
illumination and tidal heating make them 
still momentarily sustainable. On the 
downside, even the nearest planets are 
still too far away for human expansion 
with current shuttle and rocket technology, 
so exomoonsare still a pipe dream for 
the foreseeable future. Let’s just stick to 
Mars for now... # 


simple to grow, but lack of gravity in space 
could be an issue. Artificial soil would float 
away and water wouldn't drain. Solutions 
to this include a ‘plant pillow’ which has 
erow bags to hold the soilin place anda 
permeable fabric to guide the water to the 
plant’s roots. 

For now, plants will be grown 
hydroponically -in nutrient solution 
instead of soil - with red and blue LEDs 
providing light for photosynthesis. As well 
as being a food source, plants will also help 
enrich alien worlds with oxygen and 
reduce toxic levels of carbon. The aim is to 
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Plants erownin 


extraterrestrial conditions. 
Initial tests have used lettuce asit can be 
eaten without being heated and is easy and 


produce an artificial ecosystem, called 
bioregenerative, to sustain astronauts for 
long voyages and missions. 


controlled conditions will 
form the nutritional requirements 
for astronauts on major expeditions 
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<= AMAZING ANSWERS TO CURIOUS QUESTIONS 


What are meteorites? 





Understanding the space rocks that survive the fall to Earth 





Essentially, chunks of rock that have been Any that are able make it all the way through 
chipped off from asteroids after collisions the atmosphere and down to the Earth’s surface 
with obstructions in space - whether that are called meteorites. Ifthese are large enough, 
be another asteroid, spacecraft or satellite - they can strike with a great deal of force, forming 


even be from the Moon or Mars, both of which providing scientists with useful data, suchas 
can be identified as they are much younger when they landed and the impact they had on 


disaster movies, but whatexactlyarethesegreat acrossthesky, theyare called meteors or 
falling balls of fire? shooting stars. 

are called meteoroids. Occasionally, they can huge craters. These vast cavities are still 
than asteroid meteoroids. the Earth when they did. 


It’s all relative, though, as these ‘young’ The most famous ofall space rock strikes to hit 
meteoroids can still be anincredible 2.5 billion Earth would have to be the one that wiped out 
years old. They continuespinningthroughspace —thedinosaurs. When aten-kilometre (6.2-mile) 


When meteorites attack 


What happens when a meteoroid is large enough to survive the journey through the atmosphere? 


On the move 

A meteoroid that is large enough and 
moving fast enough cansometimes 
make itallthe way throughthe 
Earth’s atmosphere. 


















Hit or miss 

As the Earthis 70 per cent 
water, thereisalessthana 
one-in-three chance ofa 
meteorite hitting land. 
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arth-bound space rocks have gone down until they are pulled into the gravitational field of 
in history as terrifying missiles that will a planet, like Earth. As they travel through the 
wipe us all out, according to countless Earth’s atmosphere in a dazzling streak of light 


wide asteroid crashed into South America 
around 66 million years ago, it triggered volcanic 
eruptions, tsunamis and mammoth earthquakes 
that threw dust into the atmosphere and blocked 
out the sunlight. A planet-wide freeze followed, 
sending temperatures plummeting and 
decimating plant and animal life. 
Fortunately, institutions like NASA 
have early warning systemsin place 
that can track the path of meteorites 
for years before there is even the 
faintest chance of one colliding 
with Earth, so we should be 
safe froma real-life 
and catastrophic 
Armageddon event. @ 









Ameteorite 
foundin 
Arizona, USA 


The impact 

It will hitthe groundatan 
angle, asit willstill be 
continuing the orbit from 
its encircling of Earth. 


Shrapnel 
The impact will often be 
so strong that the 
meteorite will finally 
break up, sending 
shards splintering 
offthe main body. 


______ Space 4 


Meteor explosion over 
Russia caught on film 
Fireball causes skin and retinal burns 
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In February 2013, the citizens of Chelyabinsk in Russia had a 
close shave with disaster when a 1/-metre (56-foot) long 
meteor broke up over their city. 

The space rock weighed an amazing 10,000 tons and tore 
through the sky, injuring over 1,000 people, despite not 
actually coming into contact with anything until it broke 
through the ice on top of Lake Chebarkul. 

Injuries sustained included skin and retinal burns from 
the intense heat and light, as well as being hit by glass 
and debris blown out from the blast, which was the 
equivalent of 500 kilotons of TNT exploding. 

Although it fortunately landed in water, the fact that 
it caused so much destruction without even touching 
land shows the incredible power these asteroid offshoots 
can cause. A quick internet search will bring up several 
must-see videos of the meteor and the effects it had. 


Going down 

The high-energy impact 
creates heat and pressure 
that melts some of the 
surrounding rock, 


The crater 

The force of the 
meteorite landing 
will cause an 
explosion, resulting 
ina crater forming. 








Meteor or meteorite? 


The difference in what we call space rocks 
lies in where they are - here’s a simple guide 





Meteoriod 


Meteorite 
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Why are there 
‘seas’ on the 
Moon - did it 
once have water? 


he term ‘seas’ (or in Latin, maria) was 

invented by German astronomer 
Johannes Kepler in 1610, shortly after the 
invention of the telescope. Kepler, like many 
before him, thought that the dark patches on 
the surface of the Moon were bodies of 
water similar to Earth’s oceans, but within a 
few years, improvements to telescopes 
showed that this was not the case - the 
‘seas’ are actually smooth dark plains 
pockmarked by occasional craters. Today we 
know the ‘seas’ are actually solidified 
remains of huge lakes of lava that erupted 
onto the Moon's surface more than 3 billion 
years ago and filled in low-lying impact 
basins created by earlier collisions. So the 
lunar seas were never filled with water - but 
there’s still good evidence for water ice, 
brought to the Moon by comets, buried in 
the ground close to our satellite’s cold poles. 


iRVevENal 
diamonds on 
other planets, 
are there other 


gemstones toor 


1B iamonds are probably common 


on other planets because they’re 
made of pure carbon, and carbon itself 
is acommon element throughout the 
Tacs ee OUST em Ae) e com Pm geet gl 
way on other planets, but other 
gemstones have more complex 
structures involving a variety of 
elements (some of which are much 
rarer than carbon), so Earth-like gems 
and minerals might only occur on 
Earth-like planets. Many gemstones 
also form only in the presence of 
water, so they would require a wet, 
Earth-like environment to develop. 
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Could the life of a star be extended 
by human intervention? 


tars like the Sun age and eventually die 

because of the limited amount of fuel 
available in their central core. The core is the 
only region where conditions are hot and 
dense enough to trigger nuclear fusion and 
convert hydrogen into helium - the main 
power source for most stars. But even when 
a star has replaced most of its core 
hydrogen with helium (in another 5 billion 
years or so for our Sun), and begins to swell 
and become a red giant, vast amounts of 
hydrogen remain untouched in the outer 
‘envelope’ around the core. With sufficiently 
advanced technology, future humans might 
be able to prolong the Sun’s life by churning 


up the Sun’s interior and feeding more 
hydrogen into the core to refresh its fuel 
supply. This sort of event happens naturally 
when stars collide and merge, but we might 
be able to develop a less drastic way of 
doing it. 


¢¢ The core is the only 


region where it’s hot and 
dense enough to trigger 
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Do any planets other than Earth 


experience seasons? 


y* plenty! For a planet to have seasons as we 
normally perceive them, Its axis of rotation must be 
tipped over at an angle, so that the amount of sunlight 
reaching different parts of its surface changes as It 
orbits the Sun. In our Solar System, Mars (right), 
Saturn and Neptune all have axes tilted at roughly the 
Same angle as Earth's, so they experience a similar 
cycle of spring, summer, autumn and winter (though 
over a much longer period). Uranus is tipped over at a 
much sharper angle so it experiences even more extreme 
seasons, while Jupiter, Venus and Mercury are more or less 


‘upright’, and don’t experience seasons. 
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sd 
Has a comet ever hit our planet? 
es - on acosmic timescale, comets hit the Earth frequently, but because ~ 

= they’re largely made of ice rather than solid rock, they tend not to leave 
obvious craters. A small comet is more likely than an asteroid to break up as it 
plunges into Earth’s atmosphere and heats up, often resulting in an explosion 
called an airburst that can devastate large areas of the landscape but doesn’t 
leave a crater. Perhaps the most famous such event happened over the Russian 
region of Tunguska in 1908, when an exploding comet flattened some 2,000 
square kilometres (7/0 square miles ) of Siberian forest. A comet would have to 
Ske pretty big in order to hit the ground intact. 





What are galactic clusters? 


™ galaxy cluster is any group of galaxies whose gravity is 
~enough to overcome the general expansion of the universe 

and hold it together. About half of all galaxies are found in 
clusters of one sort or another. The least impressive clusters, 
known as galaxy groups, typically contain a handful of large 
systems surrounded by a few dozen smaller dwarf galaxies - 
our Milky Way galaxy, for example, is one of three large spirals 
in the so-called Local Group. Dense clusters, however, may 
contain up to a couple of thousand galaxies including dozens 
of large spirals and elliptical (ball-shaped) galaxies. Curiously, 
the size of the different types of galaxy clusters does not vary 
all that much - they always seem to be around one to ten 
megaparsecs (or 3-33 million light years) across. 
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Where do the 
biggest dust 
storms occur? 








M ars is home to the largest and most 
powerful dust storms ever recorded. 
Martian dust storms have been known to 
engulf the entire planet in a haze for months 
at a time, making it difficult to single out one 
as being the biggest. Dust and sandstorms 
on Mars and Earth happen due to 
temperature differences in the atmosphere. 
Hot air moves to colder air, and this moving 
air can pick up tiny debris in arid landscapes. 
It is not known exactly why storms on Mars 
can spread so far, however the fact it is 

such a dusty world probably has something 
to do with it! 


Would anythi 

be differe it - 
Earth if had 
orbiting us: 
I n order to remain stable in its orbit, a 

m™ second moon of Earth would have to 
sit at one of the Lagrangian points - 
sweet spots where the gravitational forces 
of Earth and Moon partially neutralise 
each other. The second moon’s gravitational 
tug on Earth would increase its tides, 
either complicating their pattern if it 
pulled from a different direction, or 
adding to its pull to that of the current 
Moon if the two were lined up. This could 
cause much higher tides and widespread 


flooding, or far less tidal variation, with 
disastrous consequences for sealife. 
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Do we age 


differently 
In space? 


& ort of - the lack of gravity on board 
orbiting spacecraft has some effects 
that are very like an accelerated form of 
ageing. For example, muscles begin to waste 
away with lack of exercise and the strength 
of your bones deteriorates in a very similar 
way to the effects of osteoporosis. Your 
heart also becomes less efficient because It 
doesn’t have to pump blood against gravity. 
Fortunately, these effects are easily reversed 
on return to Earth. Ironically, though, travel 
at high speeds means that, through the 
strange effects of Einstein’s theory of 
relativity, astronauts actually experience 
time passing slightly more slowly than 

those of us on Earth. 





Do dead stars 
still shine in 
the skye 


.— talk of a star ‘shining’ 
only when it is generating energy 
within itself by nuclear fusion, but stars 
continue to shine in the normal sense, 
pumping out huge amounts of light and 
other radiation, long after their fuel is 
exhausted and fusion has come to an end. 
White dwarf stars have superhot surfaces 
with temperatures of 100,000 degrees 
Celsius or more, and blaze with a searing 
mix of white light, ultraviolet light and X-rays 
- they’re only faint because they’re so tiny. 
They continue to glow for many millions of 
years as they gradually cool and fade. 





How do 
astronauts 
prepare for 

a spacewalke 





P reparing for a spacewalk takes about 

. aday. Before astronauts step out, they 
need to go through a process called 
decompression. As there’s no air pressure 
in space, spacesuits are pressurised at 
about a third of the air pressure inside 

the spacecraft. This both protects the 
astronauts and allows them to manoeuvre 
outside. Before they don the suit, the air 
pressure in the cabin is lowered and the 
oxygen levels slightly raised. If an astronaut 
just stepped outside, he could suffer 
serious illness or even death due to 
decompression sickness. Also called 

‘the bends’, this occurs when nitrogen 
bubbles expand and quickly escape in the 
bloodstream due to a rapid decrease in air 
pressure. The decompression process 
allows the nitrogen to dissipate. A few 
hours before the spacewalk, the astronauts 
begin pre-breathing pure oxygen, which 

is what they'll breathe inside their 
Spacesuits. They step into the airlock, 

put on their full suit, and the pressure 
inside slowly decreases until it’s time to 


_ step out for their spacewalk. 


_________ Space 














Where ts the best place in the world 


for stargazing? 


ou must find a balance between dark 

skies and accessibility. Mountaintop 
observatories like those on Mauna Kea, 
Hawail, offer unparalleled views of the sky, 
but most will never visit. For amateur 
stargazers, the best locations are the 
Dark-Sky Parks and Reserves defined by 
the International Dark-Sky Association. 


The largest of these are the Death Valley 
National Park, California, USA and the 
Aoraki/Mount Cook park on New Zealand's 
South Island, but there are now three in 

the United Kingdom as well: Northumberland 
National Park in England, Brecon Beacons 
National Park in Wales and Galloway Forest 
Park in Scotland. 





Why are we 
still sending 
probes to Mars? 





ars is perhaps the most interesting, 

and certainly the most Earth-like, 
world in the Solar System, and there’s a 
huge amount still to find out about it. So far 
we've put fewer than a dozen space probes 
successfully into orbit around Mars, each 
carrying specialised instruments to teach us 
about new aspects of the surface, while the 
Curiosity rover was only the seventh safe 
landing on the Red Planet (and the fourth 
rover). Despite its more-or-less uniform 
colour, Mars is a hugely diverse world, with a 
variety of different environments and 
landscape features - we really have only 
scratched the surface, but as we do so, 
we're discovering evidence for an 
increasingly Earth-like past, raising major 
questions we still can’t fully answer. How 
much water flowed on the surface? What 
nappened to its atmosphere and oceans? 
These are mysteries that new craft like 
MAVEN and MOM are hoping to solve. 
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AMAZING ANSWERS TO CURIOUS QUESTIONS 
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or some species, a migration isa habitual 

journey every year, but for others itis the 

never-ending voyage ofa lifetime. The 
key element that links every type of migration 
is the instinct to survive. 

Animals will move location in order to 
position themselves in the best place for their 
needs. This could be a move with the seasons 
to escape the cold weather, like the swallows 
that leave UK shores for the balmier African 
climate each winter. Similarly, some animals 
will move where the food goes, or for other 
instincts such as to breed. Others will make 
the journey to safety to give birth, like humpback 
whales that migrate to calving groundsinthe 
winter, and some migrate to raise young, escape 
overcrowding or to fulfil a biological need like 
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moulting. Whatever the reason forsucha 
journey, necessity is at the core. 

But how do they know where to go and 
when to leave? Each species has its own cues. 
For example, birds that leave the UK in winter 
can tell it’s time to migrate when the days start 
to shorten and the nights get chillier. These 
seasonal cues also help them find their way. 
Visual clues, such as the position of the Sun, 
with other sensory clues like scent and sound 
of their destination alongside detection of 
Earth’s magnetic field help all kinds of 
animals to navigate. 
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Animals can survive such journeys by 
fattening up, travelling in large groups and by 
hitching a lift on currents and winds. Migration 
is closely linked to seasonal changes and 
weather patterns. When things go wrong, this 
can affect the rest of the ecosystem. For example, 
due to climate change, some bird species are 
migrating earlier and departing later. This 
means that when they arrive too early there is 
not enough food to go around, and so their chicks 
suffer as a result. In turn, there are fewer of these 
birds for their predators to eat, andso onasthe 
effect ripples through the ecosystem. @ 


Migration is closely linked to seasonal 
changes and weather patterns 


Environment 








The statistics... 
Leatherback sea 
turtle migration 


TAKIZANIA ~~ ae 
~~ NATIORAL 











tea 
MORONGEH aaa ieee oe 
CORE RAT Fo : 
AREA fee = KENYA 
GRUMETD 
Cie 
EERE 






TANZANIA "~~. ore 












monores reoaToaskal” 
ee. OKENYA 







coin 


AES 


Byatt 


q RIG ft Afi 





| 2million animals migrate 
_— _ ene al ae . across the Serengeti every year 
nee . i st = = 
a - 


a = 
















m : 7 - n : 
Seer a 2 a — en 
= Sun compass \ ~— ——— — ) > ! Star compass 
= Some birds, suchas homing - . ~ Night migrations made by birds 
pigeons, use the Sun’s position use the stars to find their way. 
as a navigational cue. Thisis This isn’t an innate behaviour, 


so they birds must learn their 
north-south orientation by 
observing stars ata young age. 


helped by their circadian 
rhythm (or ‘internal clock’) as 
the Sun tracks across the sky. 


How birds 
navigate 
Birds sure don’t need maps 


— they use incredible senses 
to find their way 





Odour map 

A bird’s sense ofsmell can 
putiton the right path. The 
scents ofits home range can 
imprinta ‘map’ that can 
euide it back to the nest. 





Magnetic map 

Another theory is that many birds 
may rely on Earth's magnetic field 
to find their way. The strength of 
this field increases the further away 
the bird gets from the equator. 


Magnetic COMPdass 

Migratory birds collect magnetic-field 
information through specialised 
receptors within their eyes. These 
receptors help them to distinguish north 
and south with no other visual clues. 
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Monarch 
butterfly 


The monarch butterfly makes 

its home in the northern United 
States and Canada, but every year 
millions ofthem embark ona 
4,828-kilometre (3,000-mile) journey 
south to the hills of central Mexico 

to avoid the harsh winter weather. 
Here they rest on tree branchesin 
incredibly dense gatherings as they 
hibernate for four months. 

What is incredible about this 
migration is thatin summer, a 
monarch butterfly only lives up 
to six weeks. One generation 
migrates south, butit’s that 
generation’s grandchildren that 
migrate back north in the spring. 
Yet the butterflies always know 
where to go, sometimes even 
returning to the exact same trees 
their ancestors used. 






| 40% Ofthe world’s birds migrate 


= 
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Arctic tern 


Every year, these little birds take to the wing to cover a 
mammoth distance, practically from pole to pole. 

During the northern hemisphere summer, Arctic terns breed 
in colonies in Arctic and sub-Arctic regions of Europe, Asia and 
North America. 24-hour sunlight allows them to hunt and feed 
their chicks around the clock. 

As the seasons begin to turn, these birds begin their flight 
south. They begin their 35,o00-kilometre (21,750-mile) flight to 
the Southern Ocean where they will stay from November to 
March before returning to the Arctic to breed in the spring. 
This allows these birds access to 24-hour sunlight for eight 
months of the year! 
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2.4mn km (1.5mn mi) OR 
equivalent to 3tripstothe 
Moon: The distancearcticterns 
could travel ina lifetime 


Mexico, these are born in 
the north and breed there. 


AUTUMN 
BREEDING 
The fifth : 
generation, with" 3RD GENERATION 
i With great-grandparents 
from Mexico, these also 
ed in the north. 


‘the north, is 
born in Mexico, 


4TH GENERATION 

The fourth generation, . 
born and bred in the north, 
migrates back to Mexico. 












3. They will 

usually spend 

| up toa month 
in this area, 

stocking up on 
food for energy. 


‘ is 





2 10. They have 
= almost reached 
4 | the end of their 
70,000km 
(43,000mi) 
journey by now. 
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November, 
they have | 
reached the tip | 
of Africa or | 
| Uruguay. 







| 7. It’s mid- 
| November and 
| the terns have 
reached on = 
» | Weddell Sea for nm 
472 the winter. 
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Salmon 


The salmon’s story begins 
with eggs laidin shallow 
freshwater streams, miles 
inland. As the young fish 
hatch and grow, they move 
downstream until they 
reach a river mouth. These 
hardy fish adapt from living 
in fresh water to living in 
salt water and then embark 
on an ocean-going journey 
as adult salmon to feed and 
prow at sea. 

After a few years of 
fattening up, adult salmon 
make the staggering journey 
back to their home rivers 
to breed. They can home in 
on the exact location they 
were born using Earth's 
magnetic field, the imprint 
of their river’s ‘scent’ and 
pheromones secreted into 
the water by other salmon. 













2. Terns set 
off on their 
record- 
breaking flight 
| when they’re a 
‘| month old. 






4. On reaching 

_ the Cape Verde 
Islands, flocks 
separate into 
a oO groups. 

















’ 8. 1n April, 

_ they prepare 

for the flight 

home to their 

_ breeding 
| grounds. 
























1. Arctic terns 
| typically breed 
between the 
months June 
| and July and 
| mate for life. 


October, the 
| terns cross the 7, 
| equator, eating fy ~ 
|andsleeping /// 


“\.. || on the wing. | 















Adulthood 
Open ocean 
feeding 
grounds. 


Parrandsmolt 
Downstream 


rivers, into Mert 
estuaries ee ane ri 


Eggs,alevins ~ 
and fry 


Shallow, Ay 

freshwater Breeding 

streams. They return 
to their natal 
streams. 
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‘The statistics... 
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non-stop migration 
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AMAZING ANSWERS TO CURIOUS QUESTIONS 





~ Can caves have cl 


Explore one of China’s most stunning cave systems 
to learn why it has developed its own microclimate 





mates? 


ut off from the Sun, rain and wind that we 
experience on the surface, you might 
assume meteorological conditions in 
caves never change. However,the reality is 
that their climates do vary significantly - not 
only from location to location, but within 
individual caves over time. Indeed, some 
examples, like the Er Wang Dong cave system 
in Chongqing Province, China (main picture), 
even host their own weather. Ultimately this 
is because very few caves are 100 per cent cut 
off from their surroundings. 

In the case of Er Wang Dong, it all comes down 
to animbalance in the local topology. There 
are several tunnels around the cave system's 
perimeter where wind can blowin. Once trapped 
underground air from outside gains moisture, 
pooling into huge chambers like Cloud Ladder 
Hall-the second-biggest natural caverninthe 
world with a volume of 6 million cubic metres 





Here, fog clouds Can be seen 
inthe deep sinkhole at the 
entrance ofthe caves:while 
the Sun shines above it 


Sizing up Cloud 
Ladder Hall 
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(211.9 million cubic feet). Once in an open 
chamber this humid air rises. 

While there are numerous entrances into 
this subterranean complex, exits are few and 
far between. In Cloud Ladder Hall's case, it’s a 
hole in the roof some 250 metres (820 feet) above 
the floor, leading to a bottleneck effect. As the 
damp air hits a cooler band near the exit, tiny 
water droplets condense out to create wispy 
mist and fog. In other chambers plants and 
underground waterways can also contribute 
to underground weather. 

Even caves without any direct contact with 
the outside world can still experience climatic 
variations, as they are subject to fluctuations in 
atmospheric pressure and geothermal activity, 
where the heat from Earth’s core emanates 
through the rocky floor. However, in such caves, 
changes are more evenly distributed so take 
place over longer time frames. # 
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AMAZING ANSWERS TO CURIOUS QUESTIONS 


What are Von 
Karman vortic 


The science behind these 
mind-boggling, swirling 
cloud formations is 
revealed by Von Karman 


he area of fluid dynamics is onein 

which scientists are still getting to 

grips with, but back in1911, a Hungarian 
called Theodore von Karman worked witha 
flow tank to demonstrate the effect that a 
stationary body can have on the flow ofa 
fluid passing over and around it. 

As the fluid flow, such as a cloud formation, 
is disrupted by a cylinder-in nature thisis 
generally an island or group ofislands-the 
fluid is forced to either side of the barrier. 

The fluid flows around the obstruction, 
forming a boundary layer close to the object, 
which hugs it closely. As the flow continues, 
the boundary layer becomes a shear layer, 
which continues to move away from the 
barrier. Ifthere is any kind of pressure 
imbalance coming from either side of the 
barrier, the side with greater pressure forces 
the fluid flow upward, separating it from the 
main flow and causing a swirling eddy. 
Having broken off one stream, the cloud 
then folds back on itself, causing the side 
with more pressure to be cut off and swirl 
away in the opposite rotational direction, 
creating a vortex. 

As the flow continues, the alternation of 
pressure imbalances continues, generating 
whatis known asa'‘street’ of repeated vortices 
swirling in different directions (see image, 
right), pushed along by the fluid flow. 

However, not all fluids that meet a barrier 
result in a Von Karman vortex street. The 
pressure imbalance is measured by using 
Reynolds numbers, which represent the ratio 
of moving forces to stationary forces in a fluid 
flow. The higher the Reynolds number, the 
more likely a fluid flow will be turbulent 
rather than laminar (ie a smooth flow). 

This phenomenon discovered by Von Karman 
is most commonly seen in clouds as they 
are pushed along by the air current and : 
disturbed by high-above-sea-level islands Von Kérman vortices ne 
and mountains, but they can also be observed theisland ofMadeiraandthe ee 
; | ; Islands inthe Atlantic 
in the ocean and on ice. & 
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The man behind 
the mystery 


Theodore von Karman was born 
in Budapest, Hungary, on 11 May 
1881. His father, a philosophy 
and education professor, made 
him practise subjects such as 
geography and history. However, 
Von Karman’s natural maths 
ability shone through and he 
won the prestigious Eotvos 
Prize, which was awarded to 
the country’s best maths and 
science student. 

He made his famous 
breakthrough while 
working asa 
privatdozent 
(university 
lecturer) in 
Gottingen 
in Germany. 
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How do tree frogs a 


Discover how the elusive red-eyed tree frog begins its 
life in water before moving to land 


Fertilising the eggs 
The female tree frog will then 
deposit 30-50 eggs onto the 









Developing tadpoles underside ofa leaf that hangs 
Asurrounding jelly-like directly above water. The male 
substance keeps the eggsin will then fertilise the eggs. 
place so they can develop into 


fully formed tadpoles. 







Findinga mate 

Between October and March, 

| the male red-eyed tree frog will 
attract a female by croaking. It 
will then latch onto her back. 


Entering the 
water Adult life 
Afterabouta week Within three months, the 
the tadpoles will young red-eyed tree frog is 
hatch and drop from ready to move from the water 
the leafinto the into the nearby trees and begin 
waiting water below. the cycle anew. 

Growing limbs 

Within six to nine 


weeks, the tadpole will 
begin to develop its back 
legs, shortly followed by 
the front legs. 


The electric eel.can emit 
up to 600 volts of 
electricity in order to 
paralyse its prey 
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<== AMAZING ANSWERS TO CURIOUS QUESTIONS 





Discover the underground secrets of Earth’s geothermal activity 


geyser is arare hot spring that erupts in 

a violent display of water and steam. 

The key to this amazing phenomenon 
isa mixture of heat and constriction. 

The discharge from a geyser is essentially 
geothermal heat escaping from the ground. 
Rather then having a constant flow of water 
like a conventional hot spring, they havea 
complex ‘plumbing’ system that periodically 
releases the steam. Constrictions near the 
SLD Giz (Gce-Vaonel ast 1esleMOAu else p tte) ieale)eme)a-yup (ee) a! 
dioxide (silica) from the igneous rock rhyolite 
by hot water. This creates sinter, which forms 
the characteristic cone of a geyser. 

Water from rain and snow make their way into 
the hot porous rock created froma deep 
underground magma chamber. This superheats 
and evaporates the water to create steam, which 
bursts out into the airas more and more pressure 
is added onto the near-surface constrictions. 

The steam takes up to 1,600 times more space than 
the Oe ranEV ATO TnL of water andis ela 100 

oleh cere Celsius ese et grees Parca) Onsc eyeyentsy 
OMe the pressure can be diverted through 


Geyser wannabes 


Hot spring = 
Japanese e 
macaques 
enjoying 
anice,hot — 
spring bath. 


. Eaaielen 
Fumaroles 
onthe 
Fourpeaked 

' Glacier — 

| ae ie 





> Amudpotin 
Yellowstone 
National 
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various side channels, as well as the major release 
outlet. There are two types of geyser: cone and 
fountain. The former type is named due to the 
shape of the formation ofthe spout hole while the 
latter type isa flat pool of water. 

Human activity can affect geysers. In the past 
there used to be two large geyser fields at 
Beowawe and Steamboat Springs in Nevada but 
they were destroyed by the construction of 
geothermal power plants, which took away the 
heat needed to power them. Asimilar occurrence 
happened in New Zealand when a hydroelectric 
dam flooded the geyser area. 

Yellowstone National Parkin Wyoming, USA, 
has over 500 geysers, more than any other area in 
the world. This includes the famous Old Faithful, 
which erupts on an average of every 90 minutes, 
and the world’s largest, Steamboat Geyser, that 
blasts water up to 90 metres (300 feet) into the airt 
Don’t make a journey especially to see it, though; 


ithas had less than ten major eruptions in the last 
20 Dey Following an eruption, water gradually 
flows back into Faatp eC) ReoeMaeCcat rs ceCece Tone 


Pyeeeeet arlene CTT 





5 os On han map 


P Geyser centres 


around the globe 


1 Valley of Geysers, 
Russia 

2 Yellowstone National 
Park, USA 

3 Taupo Volcanic Zone, 
New Zealand 

4 Haukadalur, Iceland 

5 El Tatio, Chile 
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Inside a 
geyse 


Ever wondered 
where the burst 6 
steam comes from? 









Surface eruption 
The whole process 
concludes with the launch ae 
ofa plume ofsteam into | A? =. | | 
the air that can reach : Cae St a lk 
heights of 90m (300!t). = 








=, 
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Sidechannel | 
The steam forces its 
way through many 





























channels so away 7 

fromthe main Water flow | 
geyser, there canbe Water from rain, ice 
several side vents and snow flows 
and springs. forces its way 


through the ground, 
creating cracksin 
the rock. 





¥ 

























Heated water chambers 

After prolonged | The water gets so hot 
exposure tothe it eventually 

magma chamber, »| evaporates, creating , 

the water pockets of steam, — 
becomes | whichexpand i. 





superheated. »| throughthe system. 







- ’ 
Fs = 
- . . 









- 


Magma chamber Melting rock 

Heat from the A combination of intense 
underground geothermal heat and groundwater 
activity rises up and creates cracksinthe 
raises the temperature of rock, forming pockets 


© Galileo Project, |PL, NASA; Dreamstime 


the water. of groundwater. 


How It Works 13] 


Gr 2 ae Waeichlag attack Rito 
rae sated ec BR se ; 


AMAZING ANSWERS TO CURIOUS QUESTIONS 


Fairy rings or 
frightening fungus? 


It may sound otherworldly but this garden phenomenon is very real 


very now and again, a perfectly 

normal lawn or patch of grass will 

begin to growa strange circle of 
toadstools. Unfortunately, thisis nota 
community of fairies setting up camp in 
your back garden, but an outbreak ofthe 
fungus Marasmius oreades. 

The Marasmius oreades fungus is 
attached to the roots of turf, having been 
carried by the wind from other toadstools. 
They form rings because the mycelium - 
the tubes that form the underground body 
of a fungus - grows in an outward direction. 
After the fungus has spread, the centre of 
the mycelium dies off, so by the time they are 
ready to grow above ground, the remaining 
toadstoolswill have formed a ring shape on 
the surface. 
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They are very unpopular among gardeners 
because, once the fungus has latched onto 
a grass root, it usually means the grass will 
die, forming an ugly patch of dead grass. 
Removing the toadstools will do little to 
stop the problem as the fungus has already 
taken hold. The best way to combat fairy 
rings isto remove the turfand soil and 
replace it with new turfand soil. 

Alternatively, you could try spiking the 
ground and watering the area heavily. The 
fungus will have dried out the lawn and made 
it water repellent, so heavy watering will give 
the grass enough water to grow and resist the 
drying effect of the fungus. Fairy rings tend to 
occur around late summer and early autumn, 
so if you are a gardener or fairy spotter, thisis 
the time to keep your eyes peeled. # 
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petrified forest: 








Perfectly preserved 225-million-year-old trees 
looking slabs of wood, strewn acrossa 
barren landscape. However, these haven't 
a = 
Around 225 million years ago, prehistorictrees etrif ied 
fell into rivers, where they were quickly covered orests 


ll over the world you can find strange- 
actually been wooden for millions of years. 
with a layer of sediment, silt and mud. This rapidly 








formeda tight wrap around the trunk, cutting off The Petrified Forest 

any oxygen that would have rotted the wood. Over National Park near 

time, minerals were absorbed into the wood, aed ae 2 =n 

including silica. This material is known forits Bee ee 
= impressive petrified 

crystallising properties and as the log slowly rotted forests in the world. It 

away over a period of many centuries, the silica houses nearly a dozen 

replaced it, forming stunning crystal different types of 


petrified wood, ranging 
from conifers to ferns. It 
grew to today’s 


representations of the original material's shape 
and turning the wooden logs into quartz slabs. 


As the floods washed or evaporated away, they impressive size due to the 
left these quartz slabs scattered around the plains. large river network 
Wind and sand erosion continued to batter these upstream of the site. 


slabs until the last few pieces of organic material 





was stripped away, leaving stunning quartz 
blocks dotted around barren, arid landscapes 
around the world. 

Petrified wood tends to be found in areas near 
volcanoes. This is because the silica, which is key to 
the production ofthe stunning crystals, usually 
comes from ash spewed out by an erupting volcano. 
Most petrified forests are protected areas, so you 
are allowed to go and view these incredible natural 
phenomena, but unfortunately you can’t take any 
of it home for your mantelpiece. # 


The petrified forest near 
Maadi, around 30 
kilometres (19 miles) from 
Cairo in Egypt is quite 
young, the logs appearing 
around 35 million years 
ago. This was a time of 
geological upheaval as the 
Red Sea formed from the 
separation of tectonic 
plates. The forest spans 
about six kilometres (four 
miles) and was declared a 
protectorate in 1989 so it 
could be officially 
preserved by the 

Egyptian government. 














Argentina's Petrified 
Forest National 
Monument is a jaw- 
dropping demonstration 
of the changes the planet 
has undergone in its 
lifetime. Before the vast 
Andes mountain range 
even existed, vegetation 
was everywhere, some 
trees reaching 100m 
(328ft) high. Then, 
geological shift created 
the Andes and 
accompanying volcanoes, 
burying the plant life in 
ash, creating an amazing 
petrified forest. 
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AMAZING ANSWERS TO CURIOUS QUESTIONS 





oreal forest, also called taiga, covers about 17 

per cent of the global land surface, encircling 

much of the far-Northern Hemisphere. In fact, 
it's Earth’s biggest terrestrial ‘biome’ -definedasa 
region sharing similar climate, plants and wildlife. 

The taiga experiences long, cold and dry winters 
with average annual temperatures hovering around 
freezing, from minus-five to plus-five degrees Celsius 
(23-41 degrees Fahrenheit). The soil is generally thin, 
poorin nutrients and acidic, and the majority of water 
arrives in the form of snow. 

The cold climate means the most common plants are 
coniferous trees, which are tough enough to cope with 
the harsh conditions. Evergreen trees are green 
year-round - they keep their leaves during winter to 
Save energy re-growing them in spring. They have waxy 
needles to reduce water loss when they can’t draw 
water from the frozen ground. Needles are also dark 
coloured to absorb as much sunlight as possible, while 


Boreal forestis Roni! 1 — 
evergreen trees like these pines 
in Quebec, Canada 
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hat’s life like in 
the boreal forest? 


Covering nearly 20 per cent of our planet's land, how have 
plants and animals adapted to the cold climate of the taiga? 































Taiga 
residents 
Meet the hardy 


creatures which call 
this chilly biome home 


their conical shape helps to shed snow to avoid 
branches snapping. 

South of the taiga are temperate forests. These havea 
longer growing season and fertile soil. Their broad- \ 
leafed trees, including oak and elm, lose their leaves aS 
annually. In contrast, tropical forests thrive near the a 
equator, with dry and rainy seasons instead of winter 
and summer. In rainforests like these, temperatures 
stay at 20-25 degrees Celsius throughout the year. 

Boreal forest species existed as far south as 30 
degrees north at the peak of the last ice age, around 
21,500 years ago. As the climate warmed and the ice 
receded, the boreal forest spread through Europe 
and North America. Species migrated between 
continents across areas that are covered bysea 
today —-for example, European trees spread to 
northern Scotland. Sea levels were much lower 
at this time because a lot of the planet’s water 
was locked up in giganticice sheets. # 





Moose 

Earth's largest deer have 
long legs and hooves to 
help them navigate deep 
snow. Males use antlers 
that canspan over1.5m 
(5{t) to fight for females 






i 












during breeding season. 1, . aia eel 
: : | Eurasian badger 
Nocturnal mammals 
thatspend winterin 


large complex burrows |ja% 
called setts. They do Re 
not hibernate, but they 
store layers of fatin 
autumn to sustain 
them until spring. 


Environment 


Barnswallow Red kite 

Songbirds that migrate Birds of prey named for 
from their northern their angular rust- 
breeding grounds tothe ua eh: z coloured wings. They 
tropics for the winter. They ORS Oa Biss 8 survive byscavenging 
can travelup to 970km : a SS IIE ete ieee ae , carrion and gliding low 
(600mi) a day, eating ke oe Soe aE tery re ‘Fa Pat fe) over the ground looking 


S insects as they fly. a ot 4, al . “§ at wie : : © Pees) for small prey like voles. , 


Amur leopard 

These rare cats havea 

thick fur coat to keep them 

warm during the harsh 

winters. Their long legs 

allow them to move | Ae, os, 8 

through deep snowas they j } 2 Brown bear 

stalk breyé Seercees| Among the largest living 

Bieeees) Carnivores. They can 

stand anintimidating 
2.4m (8it) high on their 
hind legs -tallerthanthe 
tallest basketball players. 


Musk deer 


Seema, <a REE : ae wea) Themusksecreted by 


of. ae df Be a, ih in AP Sa: < “+| malesto mark territory 
rr age €0 [0x i aa a ee, MBM! and prepare females for 


BD mammalsthateatalmost A <7). haa breedingcan beusedto 
anything including rut, ap | itis worth more thanits 
garbage Thicktailsactas [i °X qt ineteeg san) equivalentweightingold 
a blanket in cold weather. | ee 


| | Wolverine 
=. 7 a Ferocious predators that 
Eurasian lynx ee | look like small bears, but 
The third-largest predator are in fact Earth’s biggest 
| Stk | inEurope hasadense Sh weasels, They survive cold 
Be a ot warm pelt, and big furry | winters by scavenging 
rena is a , , 5; paws to help it move corpses, digging up 
) ©) 8) through thick snow. They hibernating mammals, 
~~ can kill prey four times and attacking huge prey 
w)| their size, —even moose. 


Taiga vole 
These rodents keep warm 


On the map : : Pug 3 in winter by nesting with 


five or ten others. Burrow 
Taiga worldwide A | 5 temperatures can stay 
1Scottish Highlands : f , , above freezing while 
aie h ACO | temperatures outside 
2 Northern Mongolia 7 - plunge to -23°C (-9°F). 
3 Scandinavia . 
4 Alaska 
5 Siberia 
6 Canada 
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<== AMAZING ANSWERS TO CURIOUS QUESTIONS 





bout 450 million years ago, the first 
land plants emerged from the water. 
They were simple green flaps, a bit 
like modern liverworts. Later, slightly more 
advanced moss-like plants appeared, and 
these evolved into the more complex form 
offerns, horsetails and club mosses. 300 
million years ago, ferns and their allies 
dominated a world that was much wetter 
than today. Asa result, they only neededa 
simple system to move water to their stems 
and leaves. 

These ancient plants hada two-stage life 
cycle. The mosses and liverworts that we 
typically find onrocks andin damp woods are 
all gametophytes — the sexual stage in the moss’s 
life cycle, which produce the equivalent of eggs 
and sperm, called gametes. In wet weather, the 





From spore to fern... 


The life of ferns is an echo of their evolution 
from the first simple green land plants 


4.Green heart 

Ifthe spore lands somewhere 
damp, it beginsto growintoa 
heart-shaped flap of green 
tissue, calleda prothallus. 





2. Spore 


makers — 
On the underside 
of fern fronds, 
brown swellings -— 
sori-enclose 
bodies called 
sporangia on 
which tiny spores 
are formed. 





© Thinkstock 
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3. Spore release 

When the spores are fully 
developed, the sori open. The 
spores are released and blow 
away in the wind. 





ow do ferns grow? 


How this ancient group of plants has survived for millions of years 


male gametes swim over the moist surface of 
moss leaves to fertilise the eggs. These then 
develop into a stalk topped bya cap. This 
second stage, which relies entirely on the 
gametophyte for nourishment, is called the 
sporophyte, because it produces spores like 
simple seeds. These are shaken from pores 
inthe cap and blown to a newsite, where 
they grow into new gametophytes, but these 
can only survive in wet conditions. 

Ferns have evolved so that the sporophyte 
has become the dominant stage in their life. 
Ferns, horsetails and club mosses are all 
sporophytes that live freely, even in quite 
dry conditions. The spores the ferns release 
develop first into gametophytes and then 
these reproduce sexually to create the 
next generation of fern. # 












6. Swimming males 
Male gametes, producedin 
structures called antheridia, 
move through water by 
waving their many 
whip-like flagella. 


=> 


pel 


5. Prothallus 
The gametophyte 
generation of the fern. 
Different structures on 
its surface produce 
male and female 
gametes (sex cells). 











«a\ 1. ‘Adult’ fern 
“4, The plants we call ferns 
" aresporophytes-the 


en “% | the fern’slife cycle. 
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> . spore-producing stage of 
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Ferns, fossils 
and fuels 


300 million years ago, ferns and their 
relations formed the main vegetation 
of our planet. Flowering plants did 
not appear for another 175 million or 
so years. In this Carboniferous 
period, the continental plates 

carrying North America and Europe 
were situated close to the equator in 
wet, tropical conditions. In the 
steamy swamps, club mosses over 
30 metres (98 feet) tall grew in 
dense forests. The remains of these 
club mosses and horsetails formed 
much of today’s coal, and many 
impressions of fern fronds are found 
as fossils in ancient rocks. 


7. Fertilisation 
The male gametes swim 
into the neck ofthe 
archegonium, which 
produces the female cell, 
and fertilise this ‘egg’. 


8. New fern 

Anew fern plant 
(sporophyte} grows from the 
fertilised ‘egg’. This can also 
spread using creeping 
underground stems. 
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What makes 
a mushroom? 


maginean 

apple tree that 

prows entirely 
underground. All 
we ever see 
are apples, 
mysteriously 
appearing at the 
surface in autumn. 
That is essentially how 
fungi live. The main part 
oftheir structureisa 
network of fine threads, 
called a mycelium, which 
spreads through the soil or other 

substrate. Often, all we see are the 
fruiting bodies which appear above ground. 

We call these mushrooms if they are edible or 
toadstools if they are inedible, although there is no 
scientific distinction between the two. 


Anatomy of a toadstool 


See how a mushroom develops step by step 


Ready formed 
Inside the ‘button 
mushroom’, the cap 
and gills are 
ready-formed and 
the sporesare 
starting to develop. 


Mycelium 

The mycelium isa 
network of threads 
(hyphae) gathering 
food for the fungus; 
they spread much 
farther than this 


Neither plants nor animals, mushrooms and 
toadstools play a vital role in the natural world 


The fungal mycelium grows through its food, 
which might be soil, old leaf litter, dead trees, wood 
of living trees or even dead animals. The threads 
(called hyphae) can reach out huge distances to find 
food. Although some fungi attack and kill living plants 
(especially trees) and animals, many are beneficial, 
by decomposing dead material and releasing its 
goodness back into the soil. 

Many trees, orchids and other plants could not 
erow without a fungus wrapped around and 
penetrating their roots. This intimate partnership, 
called a mycorrhiza, takes nutrients from the soil 
to feed the host plant and, in return, the fungus is 
protected from harm. 

Fungi are truly ancient. The remains of plants 
fossilised some 400 million years ago in rocks at 
Rhynie in Scotland had fungal myceliain their roots. 
Fungi were once classed as plants, but their lifestyle 
isso unique that scientists now place them in their 
own distinct kingdom.# 


Hanging gills 

The fully opened cap 
reveals hanging 
curtains of gills that 
release the spores. 
Other species have 
pores beneath the cap. 


diagram shows. 


Button 

The fruiting body 
appearsasalittle 
‘button’, butswells 
quickly as nutrients 
are pumped into it 
from the mycelium. 


Protecting veil 
Insome species like 
this agaric, the young 
fruiting bodyis 
shielded bya 
membranous veil, 
calledavelum. 


Cap breakthrough 
Asit expands, the veil rips. 
This reveals the cap 
underneath and the 
erowing stipe (stalk). 





Cap opens 

The stipe grows and 
the cap opens out, 
creating the familiar 
mushroom shape. 


In this species, the original 
button forms a swollen base 
(volva). The veil remnants 
form aring around the stipe. 
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. AMAZING ANSWERS TO CURIOUS QUESTIONS 


Elephants’ immense size and yearly 
hormone surge can make them 
extremely dangerous to humans 
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they gentle giants? 


Would you feel safe around the largest land mammal walking the Earth? 








|ohumans, elephantsarevery dangerous. feetand knock you out cold with their trunk. year. Astudy from 1999 found that in just 
‘Anadult African elephant weighs up to Male elephants also undergo a surge in one region of India over a six-year period, 
5.5tonswithtusksthatcanbe2.5metres hormones onceayear, called musth, which 242 people were killed by wild elephants, 
(8.2 feet) long and weigh 60 kilograms (132 makes them extremely aggressive. In India compared to 90 by wolves, 50 by sloth bears, 
pounds) each. They can trample you with their alone, wild elephants kill about 200 people a four by leopards and two by tigers. # 
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Environment 


Can 
brains be 
regrown? 


This deep-sea creature has the power 
to regrow its brain 


ounding like something out ofa science fiction 

B-movie, the comb jelly hasa brain like nerve net 

that can regenerate itselfin just three anda half 
days. How does it do this? Scientists are claiming that this 
alien-like creature has a completely different chemical 
language and processes to any other animal. Unlike in 
humans where neurons are very difficult to replace, these 
organisms can regrow the nervous system very efficiently. 
Research is being undertaken to see if this can be 
harnessed to help with diseases such as Alzheimer’s and 
Parkinson’s, which harm the nerves and the brain. 


syle 


Leeches 
The blood-sucking parasites have 32 
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Sea squirts 
Once they attach themselves to 
coral, they eat their own brain. 







Cav King Charles Spaniel |. * 
Due to over-selective breeding, its | 
skull is too small to Sl a 
the brain in a third of the dogs. 
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<== AMAZING ANSWERS TO CURIOUS QUESTIONS 


How are plants cloned? 


Find out how we make identical copies of plants and what benefits this offers 


he process of cloning plants has been cultivating cells from strong and healthy ones, remainsa controversial topic, as some experts 


used in agriculture for centuries, 
communities split roots and took 


as leading to higher and more reliable crop yields. argue we can't predict what the consequences of 
cuttings Bytaking cuttings from proven strains, a farmer this human interference will be. 


to efficiently create multiple plants. can be sure his next generation of cropsis Plant cloning can be as basicas snipping offa 
Taking a cutting from near the top ofa plant, equally successful. stem froma begonia or as complex as growing a 

placing itin moist soil and covering it will Back inside the lab, the development of tomato plantina solution of inorganicsalts and 

enable a new offspring to grow with the cloning through cultivating plant tissue allows yeast extract, but nevertheless the process by 

same genetic code as the parent from which for species to even be adapted and improved. which you can create two plants out of one 

it was taken. This method of cloning is very However this genetic modification (ie GM crops) remains a triumph of natural science. # 


easy to doandis common among casual 
gardeners and industrial farmers alike. 





However, in more recent years the cloning of PO enh: What about anima Is? 


plants has madeits way into the laboratory. years old 


Responsible for that shiftis Gottlieb 


almost seven 







Most of us are aware of Dolly the sheep, the first 
animal cloned from an adult cell, but artificial 


Haberlandt, a German physiologist. At the ~~ ® cloning dates back to the late-19th century. Hans 
beginning ofthe 2oth century, he was the first ’ __ Dreisch created two sea urchins by separating 


to isolate a plant cell and then try to growan 
exact replica of the parent. His attempt ultimately 








two urchin embryo cells from which two offspring 
—, grew, proving that DNA is not lost through 
_ separation. The next big development came in 


failed, but the experiment showed enough * 1952 when a frog embryo was cloned by inserting 
promise to convince others to followin his a the nucleus from a tadpole’s embryo cell into an 
footsteps. The likes of Hannig in 1904 and Kolte unfertilised frog egg cell. But the creation of Dolly 
and Robbins in 1922 ran successful experiments in 1996, cloned using a mammary cell from an 


in which they also cultured plant tissue to 


create new versions. 











_ adult sheep, led to hopes that one day we might 
- be cloned as well. There’s still a while until a 
human can be replicated, but Dolly represented a 


The main benefit of cloning flora is that growers | | es ) huge leap forward in terms of cloning possibilities. 


are able to guarantee disease-free plants by 


Plant duplication guide 


Discover how plants can be cloned in the 
lab through the process of cell separation 







Separation 





Cells transform 
Placedina dish with nutrients, 
cells turn into undifferentiated 
callus tissue, which can be 
cultured into new plants with 
growth hormones. 
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Sample taken 
Tissue is scraped from 
the root ofthe plant. 


The cells are separated 
out under a microscope. 















New digs 
Aplantlet 
gprowsits 
own roots 
andis 
repotted. 


© Alamy; SPL 


Environment 


How does plankton 
slow in the dark? 





est known asa food of choice for fish and whales, plankton have a makes particles vibrate and oxidise to create light. The lamination is used 


An amazing sighting of luminous sea creatures off the Welsh coast 
few tricks of their own too. Chemical reactions known as to warn off predators with the flash confusing, scaring and putting off 


B bioluminescence occur in their body, which gives them the ability anything that tries to eat the critters. Probably doesn’t work that well on 
to glow blue, green, red or orange. The reaction produces energy, which the hungry whales, mind you. # 
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<== AMAZING ANSWERS TO CURIOUS QUESTIONS 


TOW Discover why farmland across the planet is being 
e swallowedata terrifying rate by creeping sands... 


ach year 0.2 per cent of usable I | | d 
oceania atten ast zeghon Farmland to wastelan 
worldwide. That may not sound See how intensive agriculture can transform a fertile landscape into a barren terrain = a 
like a lot, but pressure on food and water en a 
resources is growing exponentially. gt | * 
Indeed, Earth’s population is predicted oe — = afthaworld’s 
to increase bya staggering 4 billion people forests are in arid lands where they 
by the year 200. tance” 

Desertification occurs when farmland encourage rainfall. 
is overused in dry climates with fragile 
ecosystems already vulnerable to drought. 
Many affected areas are home to the 
poorest people in the world. 

Livestock overgraze grass and wear 
away earth with their hooves, while 
intensive arable farming depletes 
nutrients in the soil. Toxic salts build 
up and farmland becomes waterlogged 
when fields are overwatered by 
irrigation. Water and wind make 
the problem even worse by 
removing nutrient-rich soil, 
gradually leaving nothing buta 
bare desert behind. 

No continent is immune from 
desertification. Around a third of our 
planet is directly affected and population 
pressure is typically the root cause ofit. 
































Nutrient loss 
When crops are harvested, nutrients 
are stripped from the earth. Unless 
fertilisers are added, the farmland 
becomes barren and degraded. 





Land degradation is not a new problem, Deforestation 
though. Studies suggest the collapse of the Trees cut conn to 
Mayan civilisation in 900 CE was triggered Bee Ne ee 


plant crops. The 
by population growth followed by crop forest recovers 


cultivation on steep slopes with fragile soil. slowly due to the 
Se atin : ase limited water supply. 

Desertification has devastating effects 
on people and the environment alike. 
Farmers face famine or the threat of 
disease ifthey migrate away from depleted 
farmland. Dust from the affected land 
can also cause lung diseases. In China, 
sandstorms and dunes from the 
advancing Gobi Desert swallow up 
entire villages and affect air 
quality in Beijing some 80 
kilometres (50 miles) away. 

In Africa’s Sahel, desertification 


increases drought risk too; vegetation Heavy machinery 
dying back exposes the pale sand, which Intensive ploughing 

| | loosens the topsoil, 
reflects more heat, reducing updraughts creating a dry powder, 
of damp air that generate clouds and rain, less capable of holding 


so once it begins, desertification is water, susceptible to 
drought and easily 


self-propagating. @ washed or blown away. 
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Environment 








The Aral Seaisan extreme example of desertification, 
where the water has receded so much that many Tp 
now sitrusting miles away from the once-huge lake 


Over-farming 

Cultivated land is used for many years to 
grow the same crops. In less intensive 
agriculture, farmland is left idlesome 
seasonstoallowthesoiltorecover. «alii 


Vegetation loss 




































Desert expansion around the globe _ cobiDesert 
What places on Earth have been most affected by desertification? Suen ood 
becomes desert each 
year, due tothe 
expansion of the Gobi. 
AralSea Causes include 
This giant lake began overcultivation and 
shrinking in the Sixties when population pres sure on 
2 High a water was diverted to BIOW =“ water and soil. 
Moderate | MC! ra cotton. Today it holds ten per —~ 
| i Humid not ), centofits original volume. 
Low vulnerable | a _ ae a 










Great Plains 
The US Great Plains turned 
into a ‘dust bowl’ when wheat 
production expanded after 
WWI.Improved farming 

methods helped the Plains 

recover, but they remain 

vulnerable to desertification. 


Sahel region 
Approximately 40 per cent of Africa 

is affected by desertification. 
Populationgrowthofthreetofour i= 

per cent a year and extreme : 

, poverty leads to overgrazing, 

| = | overfarming and drought. 


Irrigation 


As the soil becomes saltier and loose nutrient-rich 
topsoil is removed, plants struggle to grow, The ground 
is exposed to further action by wind and water. 


















>» Australia 

=: Anestimated 42 percentof 
Australiais affected by 
desertification. The main 
cause is overgrazing by 
sheep and cattle introduced 


— by European settlers. 
* EEE Pa en Pe ey . — 
5 = et, oe = ia ,~ alld 





Desert land 

At this point farmers are 
forced to abandon their 
fields. What was once 
cultivated land 
resembles a desert - 
dusty, saltyand unable 
to support most plant 
andanimals. 







Around 6o per cent ofirrigated farmland is 
in drylands. When water is added to the 
soil, it evaporates, leaving salt behind. Salt 
also rises to the surface when farmland 
becomes waterlogged. 


How can we fight desertification? 


Reversing desertification depends on tackling human 
exploitation ofland by providing sources ofincome. 
Imagine a wall of trees and shrubs - 8,ooo kilometres 
(5,000 miles) long and 15 kilometres (nine miles) wide 


-~snaking west to east across Africa. The Great Green Wall 
project began in 2011 to counter desertification on the 
Sahara Desert fringe. Since then, 12 million drought- 
resistant acacia trees have been planted in Senegal alone. 
Large-scale planting schemes were used to tackle 
desertification in 1935 during the Dust Bowlin the United 
States too. China initiated its very own green-wall project 


in the year 1978, which afforested 9 million hectaresinthe 
first ten years. 

Large forested areas replenish the water table, act as 
wind breaks to stop sand dunes, and may increase 
rainfall; for example, an estimated 60 per cent of Amazon 
rainfall is created by the rainforest itself. Advocates ofthe 
African green wall believe it can even counter terrorism, 
providing jobs by producing gum arabic from acacia. 

Other techniques to fight desertification include 
improving irrigation techniques, applying bacteria to 
dunes and introducing sand fences and pools. 


© Sol 90 Images; SPL; NASA 


How It Works 145 


AMAZING ANSWERS TO CURIOUS QUESTIONS 


How do you tap 
maple syrup? 





he first thing you need is a maple tree. 

The roots of the tree store starch, 
which gets converted into sugars to feed the 
tree, allowing new buds to grow. Sap moves 
up from the roots of the tree, so finding a 
nice thick root is best. With a hand drill 
pointing slightly upward, drill about the 
same length as your little finger into the tree 
until sap starts to drip out. Hammer a spout 
into the hole until it sits snugly, preferably 
one with a hook so you can hang a bucket to 
collect the sap. Cover the bucket. Take it 
home. Boil it. Make pancakes. 
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How do tumbleweeds survive? 


'umbleweeds are ordinary plants 
with leaves and roots for most of 
their lifecycle. The tumbling is just a way 
of scattering their seeds. Dandelions and 
thistles produce seeds that separate 


from the plant and are blown by the wind. 


Ina tumbleweed, all the seeds are carried 
together by the whole plant. When the 


tumbleweed’s seeds are mature, the whole 
plant dies back, becoming desiccated and 
much lighter, which makes it easier to travel. 
The stem detaches from the roots in the 
same way that trees drop their leaves 

in autumn. The top part then rolls along 

the ground, dropping seeds as they are 
shaken loose by the ride. 


When the tumbleweed'’s seeds are mature, the 
whole plant dies back, becoming desiccated and 
much lighter, which makes it easier to travel 


Are polar auroras stronger at the 


North Polee 


hey’re not actually stronger at the North Pole, but 

they are seen more frequently because the aurora 
borealis, or northern lights, tend to happen over more 
populated areas than their southern equivalent, the 
aurora australis. The poles aren't the best place to see 
auroras anyway - they tend to form in broad ‘auroral 
ovals’, around 10-20 degrees from the pole, relating to 
the region where magnetic field lines leading to or 
from the pole pass through the upper atmosphere - the 
auroras themselves appear as energy-rich particles from 
Space are drawn down along these field lines and collide 
with particles high in the air to emit beautiful glows. 
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Which are smarter: cats or dogs? 


- here’s really not much in it. The ratio of brain to body rs 

—. size is slightly higher for dogs than cats, which may be p . Ly 
because dogs are a social species and have evolved some my ad 
extra brain to handle more complex communication and Bry 
interaction. But cats have almost twice as many neurons in . 
their cerebral cortex, the area involved in memory, attention 
and perception. Cats are harder to train, and won't fetch 
things or guard their owner. But does that mean dogs are 
smarter, or cats are? 





Can animals count? 


= J hen we add up the apples in a basket, we step through 
the sequence of numbers until we run out of apples. 
This requires the language ability to remember the words for 
each number and their order. Animals probably can’t do this. 
But there is another sort of counting where you intuitively judge 
the number of objects without starting from one. This is called 
subitising and most humans can do it for four or five objects 
and sometimes more. Many animals have this skill too, even 
quite primitive ones. Red-backed salamanders can tell the 
difference between one, two and three. Mosquitofish can 
manage up to four. Ring-tailed lemurs can also put groups 

of different numbers of objects in order of size. They can tell 
which group is larger, but only when one group is at least twice 
as big as the other. 
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<== AMAZING ANSWERS TO CURIOUS QUESTIONS 


Why do flocks 


of geese flyina 
V-formation? 


t’s more efficient. Every time a bird flaps 

its wings, it generates a vortex of air at 
each wingtip that spirals behind the bird, 
widening as it gets farther away. A bird 
following behind can position itself at the 
edge of this vortex, at the point where the 
air is circling upwards. This updraught 
provides lift, which means that the bird 
needs less energy to stay aloft. For large 
birds like geese, the effect can reduce drag 
by up to 65 per cent. They take it in turns to 
fly at the front, so that each one benefits 
from the vortex effect. 





= 


How do plants 


underwater 
differ from plants 
on land? 


reshwater aquatic plants have to deal 

with a much darker environment, with 
lower levels of available CO2. The scarce 
light is already mostly mopped up by the 
soup of single-celled algae floating in the 
water. So aquatic plants either have 
extremely thin, feathery leaves to maximise 
their surface area, or they try their best to 
get their leaves out the water. Water lilies 
have large, flat leaves that float; reeds poke 
their leaves all the way up into the air. The 
main adaptation they have for this life is 
called aerenchyma. This is a spongy, air-filled 
tissue in the stems that stores and 
transports oxygen around the plant. The 
oxygen isn’t absorbed from the surrounding 
water; instead it’s produced by the plant 
itself as a by-product of photosynthesis. 
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Why are 
bees making 
blue honey? 


hen bees in the French town of 
Ribeauville started producing blue 
and green honey in 2012, dyes from an M&M 
waste plant were to blame. While bees 
produce different shades of honey 
depending on which flowers they collect 
nectar from, blue honey was previously 
unheard of. Beekeepers discovered their 
bees had switched food sources, shunning 
local flowers in favour of brightly coloured, 
sugary M&M shell fragments being 
processed at a neighbouring biogas plant. 
Bees then transformed these sugars - along 
with the dyes - into honey. The waste- 
processing plant has since tidied away any 
uncovered waste containers, spelling the 
end of the blue honey. 






Where does slat 
come from? 


late is a metamorphic rock. The slate in 

North Wales began as mud that settled 
at the bottom of the sea some 500 million 
years ago. As new layers settled on top, the 
lower ones eventually get compressed to 
form shale. Over millions of years the 
tectonic plates shifted and wrinkled to form 
the Welsh mountains and the shale became 
heated and compressed. This caused the 
minerals in the shale to partially melt and 
reform as thin sheets of mica and quartz. 
Because of the particular way the crystals 
grow, the layers of slate are at right angles 
to the original shale layers. 








re 
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I’ve hear 
dolphins rescue 
people but do 
other animals? 


I n 2004, eight-year-old Amber Mason was 
saved from the tsunami in Thailand when 
a young elephant carried her to safety. But 
this is less impressive when you realise that 
Amber was already riding the elephant on 
the beach when the wave struck. Similarly, 
cats have accidentally saved their owners 
lives by meowing loudly when the house is 
on fire, but they were probably actually 
meowing to be let out themselves. 
Nevertheless, genuine animal rescues do 
sometimes happen. In 2007, Scottish farmer 
Fiona Boyd was violently attacked by one of 
her cows who thought her calf was 
threatened. Her horse Kerry rode to the 
rescue and kicked at the cow to drive it off. 
And in 2005, lions saved a 12-year-old girl in 
Ethiopia by scaring away her kidnappers and 
then standing guard over her. It’s not clear 
whether they would have eaten her if the 
police hadn't turned up though. 
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Why are there so many cloud types? 


he air temperature drops as you get 

higher and convection currents create 
distinct layers within the atmosphere, so the 
appearance of a cloud depends on where it 
forms. The highest-altitude clouds are 
composed of tiny ice crystals. These clouds 
are diffuse enough to be partly transparent 
and so light that they are easily blown into 
wispy shapes by air turbulence. Between 
2,000 and 6,000 metres, clouds are mainly 
composed of water droplets, which absorb 


more light so they appear more opaque, 
and the attraction between droplets tends 
to keep clouds grouped together into 
rounder shapes. Advancing weather fronts 
can create bands of cloud like waves rolling 
onto a beach. Below 2,000 metres, the 
droplets clump together into larger drops 
that absorb enough light to appear dark 
grey and the clouds are affected by 
convection currents rising off the ground, 
flattening the underside. 





Are UK red 
squirrels starting 
to recovers 


R°“ squirrel numbers are increasing, 
particularly in Anglesey and the north- 
east of England. The red squirrel had been 
declining since the grey squirrel was 
introduced from North America 140 years 
ago. Grey squirrels thrive better in British 
woodland as they can eat acorns, which reds 
cannot. They also carry the squirrel pox 
virus, which only affects red squirrels. A 
determined effort to selectively kill grey 
squirrels in certain areas has allowed the red 
squirrel to recover slightly. There are still 
only about 140,000 red squirrels in the UK, 
compared with over 2.5 million greys. 


Wi Telmel ge 
rip tides? 


T he term ‘rip tide’ is a misnomer 
as it refers to a narrow directional 
flow of water that has nothing to do 
with the gravitational attraction of the 
Sun and Moon. When waves are 
pushed against the shore by high 
winds the water can respond to the 
resistance that solid ground generates 
by travelling parallel to the coastline. If 
some of it finds an underwater trench 
or a gap in a sand bar, it can be 
channelled rapidly back out to sea, 
pushed on by the force of incoming 
waves. As this all occurs beneath the 
surface, it can catch people unaware 
and so they often get swept out too. 
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150 Howisa WWII plane flown? 
154 What went wrong at Chernobyl? 

156 How did Aztec warriors do battle? 

157 What was the role of court jesters? 

157 How did Roman currency work? 

158 What's inside the Mary Rose? 

160 How did the first cinemas work? 

161 How was colour television invented? 
SB CCC g ute Riley e ey 

162 What happenedat the Circus Maximus? 
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164 How did Leonardo da Vincitry to fly? 
165 What did an Apothecary do? 

165 Howarebellsmade? . ~\ 
ree es rc (fad 
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168 Why is Sagrada Familia still unfinished? mS 
170 Why did we write with quills? | i Y ~ 

t 170 What was first to break the sound barrier? ~ 
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. AMAZING ANSWERS TO CURIOUS QUESTIONS 







Get into the aircraft that 
trained pilots for WWII 


t’s the summer of1940 and the German 

Luftwaffe is preparing to launch a mass air 

attack on Southern England. Ifthey are 
victorious, Britain will be open toa land invasion 
and Blitzkrieg will be upon the British Isles. Luckily, 
brave and skilled RAF pilots take down the 
Messerschmitts in their Spitfires and Hurricanes, 
so the German Operation Sea Lion never 
materialises. But how were our pilots so skilled at 
air-to-air combat? 

On a glorious day on the south coast, we will be 
over 1,200 metres (4,000 feet) in the air learning to 
fly like it’s 1940. The plane taking flight today is nota 
Spitfire or a Hurricane; in fact it’s not even a fighter 
at all. Instead it’s the official World War II training 
plane for the RAF, the Harvard T-6, a Canadian-built 
Noorduyn model. Before we go skyward, we meet 
pilot Matt Hill who shows us the aviation ropes. 

“The Harvard was used for advanced training, 
eunnery practice and blind flying, it had less speed 
and power than the Spitfire and the Hurricane as it 
was a trainer, nota fighter”, Matt says, shortly after 
delivering a crash course on howto flya plane. How 
It Works isn’t going to be just a passenger on this 
flight -when we're in the air, we will actually have 
control of the plane. 

Before we take to the skies itis important to know 
the history behind the aircraft. The Harvard was 
the second step ina RAF fighter pilot's training. 


: The statistics... 


Harvard T-6/North 
American T-6 Texan 





Length: 68.5m (28ft) 
Wingspan: 12.8m |42ft) 














Seating: Tandem 
| Power: 450kW (60ohp) 


| Engine: 

Pratt & Whitney 

| R-1340 Wasp 

| Propeller: 

| Hamilton Standard Two-Blade 
| 12D40 Propeller 


| Top speed 
| 338km/h (210mph) 






The Harvard was 
used by 30 countries 
as part of their 
respective air forces 


a 0 5 ee 
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- Afleet of T-6sin 1941ready ; 
-fortraining drillsat 
- Randolph Field, Texas 
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AMAZING ANSWERS TO CURIOUS QUESTIONS 


Prior to this, a budding pilot would take to the skies 
ina Tiger Moth biplane. This aircraft would be used 
for a four-and-a-half-hour training session to hone 

the skills and art of flying before ramping up the aoe a 
power in the Harvard. Matt explains: “This plane a oh. training plane 
(the Harvard) has a hydraulicsystem, brakes, a tail 
wheel and flaps, which the Tiger Moth doesn't. 
People who have flown the Mustang (US WWII 
fighter plane} say it is very, very similar.” The 
Harvard was used by 30 countries as part of their 
respective air forces and the last military usage was 
as recent as 1995 in the South African armed forces. 

On inspection of the Harvard, itis obvious this 
striking machine is almost entirely unchanged 
since the 1940s. In fact, afresh coat of paint is 
literally the only difference. The first production 
model flew in 1938 and its successful test flight 
convinced the British to order over 300 for training 
purposes. Far from a relic, the original instruments 
are all still in complete working condition and the 
dual cockpits are exactly how they would have 
been in the war. With that, Matt callsan end tothe , | - : 
chitchat as the runway beckons. The Top Gun- The Harvard: inside and out 
esque suit is donned and into the skies we go. Atrip around the T-6 and its main features 

The flight itself lasted 40 minutes. First, we 
undertook a circuit ofthe airfield and witnessed 
some breathtaking views of the nearby towns of 
Chichester and Bognor Regis. There wasn’t much 
time to takein the sights, however, as it was now 
our turn to take the reins. Matt prepared the plane 
fora change in control by maintaining a steady 
speed and making the plane level. Witha slight 
shunting motion, the craft was now in our hands. 
The Harvard is controlled by a central stick which 
you move in the direction you want the plane to go. 
The stick was incredibly sensitive and a slight 
movement to either side would alter the plane’s 
flight path considerably. It felt very tense beingina 
tiny vehicle in a huge expanse ofsky. 

After the short solo journey, it was time to 
relinquish control and hand over to Matt, who 
would now do some extreme aerobatic 
manoeuvres. We began witha full loop, which gave 
the experience of around 3g’s worth of force. Next 
up was the barrel roll, which was followed by twists 





Cockpits 

The Harvard contains two 
cockpits; one for the pilotand 
one forthe learner. Both have 

| very similarinstrument panels 
and the learner solo control 


can be engaged at any time. i ae a 



















Cruising speed 
Although the top speed is 
slightly higher, the Harvard 
generally cruised at around 
230km/h (145mph) at an ideal 
altitude of 2,440m (8,oooft). 





‘LEFT The front 


and dives that resulted ina similar amount of ) Ma | J, | 1 - } Pee aT 
g-force. The only way to describe the feeling is to | | ee YY a! imposing appearance 


imagine the biggest and fastest roller coaster you've 
been on and then multiply it by ten. 

Leaving Goodwood, you couldn’t help but 
wonder how the RAF performed these amazing 
moves, all while engaging in warfare with the 
mighty Luftwaffe. It boggles the mind that these 
brave men did this just a touch over 70 years ago. 
The Harvard T-6 is a wonderful machine and 
undoubtedly a key component in the RAF having 
the skill to win the Battle of Britain and halt the 
German advance. # 








Peede PeREErae vin 








To try your hand at flying a World War II 
plane for yourself, visit www.goodwood. 
co.uk/aviation for more information. 
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ae Control 

nhaction : steering is done using 
Inthe war the T-6 could the centre stick 

also function asa FAC | although differential 
(forward air controller) braking inthe tailwheel 
tosupport frontline can be usedas well. 
troops by surveying | 

the local area. 


| Armament 
Although strictlya 
training plane, the 
Harvard could hold light 
machine guns onits 
wings and could even 
include bomb racks. 


Altitude 

The Harvard can be stretched 
toaservice ceiling of 7,376m 
(24,200ft) before the elevation 
is too high for its instruments 
and mechanisms to cope. 





Range | | F : ) 
Ona sat tank andin On the ib eT The Tiger Moth 


servedasa 


good conditions, the ° : vet 
| plane can fly up to Moth bip ane preliminary 


1,175km (730mi). That's training plane 


further than from John Atrip ona Tiger Mothis very different 
o’ Groats to Land’s End! . ) to a Harvard flight. As it’s a biplane, flights 
Hydraulic 


system 
Activated bya push 





are completed at a much lower altitude and 
at considerably slower speeds. This is ideal 
forthe beginner pilot to understand the 
atahutton the controls before ramping the difficulty up 
system allows you to the Harvard. The controls inthe biplane 
to use the gearsand are less responsive than most, so piloting 
flaps on the plane. | itis actually pretty tricky. The RAF liked y 
. this quality as it quickly separated the 

talented pilots from the rest. The ‘Moth’ is 

a semi-aerobatic plane, so it can still loop 

and barrel roll, which made it an ideal 

starter plane for RAF training. 





© Eric Dumigan www.airic.ca/ Harvards; Corbis 
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Learn howa runaway } 
* reaction led to a nuclear 


**At. disaster... 










‘ 


n 25 April1986, engineers at the nuclear 

plant at Chernobyl! began a test that 

would lead to the worst nuclear disaster : : re GB a SS E | ' 
in history. The power plant, located some 130 j | Wie cee : > all : Chernob i, 
kilometres (80 miles) north of Kiev, Ukraine,was (jam a i hi 

completed in 1983. Three years later, engineers 

ran an experiment to see how long the turbines 

mw could continue producing energy in the event of 
~ 4 power cut. 

The first fatal error made by the technicians 
—~ 4 thatday was to turn off the safety systems. They 

would have affected the experiment, which 

involved running the plant at low power, but 


this action prevented workers realising the dire : Nuclear esualeyett 





















situation they were soon to put themselves in. The explosion and meltdown was 
The process of creating nuclear fission is shocking enough, but worse wasstill 
™ regulated by control rods, which, when inserted ) Po poh a we form of radiation spread 
into the reactor core, absorb neutrons and slow a > ee oe 
de r ' | al 31 people died immediately after 
. production. The idea was to lower lots of these , _ the event with 28 ofthose deathsa 
nd rods to reduce the power output and see what naan Yee ty direct result of radiation poisoning 
happened pail na many were UK ein inside and around the power plant. 
PP | y, y ) still quarantined today ji : The worst of the fallout centred 


lowered and the output droppedattoohigha 
rate. Rods were then raised again to increase 
out put, returning to about 12 per cent. 

However, due to the rods being raised too far 
and too quickly, adangerous power surge 
occurred and the reactor overheated, the water 
cooling system unable to cope with the sudden 
demand, turned to steam. 

The emergency button was pressed and the 
rods began to lower but this led to even more 
rapid reactions in the core. 

In the early hours of 26 April, the reactor’s roof 
was blown off and radioactive material began to 
escape into the atmosphere. 

The fire took nine days to extinguish andthe 
radioactive material had far-reaching health 
and political consequences. # 


around Chernobyl, but increased 
levels of radiation were detectedin 
areas as faraway as the UK, Portugal 
and Sweden. 

Thyroid cancer, caused by the 
inhalation of contaminated air, has 
increased tenfold in adolescents in 
Belarus since 1986 with cases in adults 
also rising. Casesin children up to 
ig gt=eefei=me) meee Deciempalea=tets 16 ome) im aatetI 
number has since reduced due to 
many of that age group being born 
after the event. 

The impact of the contaminated 
air has also affected animals, crops 
and water supplies and the effects 
are still widely felt to this day. 
Radiation levels around Chernobyl 
will remain far higher than average 
for many millennia. 
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_____ History iL. 


COUNTCOWN tO CISASTEN tinicerrownsioy'sworsinacearaccitenepayedou 











©) Safety switches ») Rods dropped «) Rods raised ©) Water heating =) Emergency 

The safety switches were Control rods were lowered In order to get the plant Theall-important cooling Pressing the emergency 
intentionally turned offto toreduce poweroutput, but workingagain,therods water began to overheat, button lowered the rods 
allowtheexperimenttorun the powerreducedtoo wereraisedcausingarapid turningtosteamandfailing again, buttheydisplaced 
without intervention. much too quickly. increase in production. to cool the reactor. the remaining water. 

(©) Power surge ©) Explosion ¢:) Radiation leak ©) Clean up () Sarcophagus 
The power level ofthe The reactor couldn't Nuclear radiation was Helicopters scrambled to Aconcrete shell was hastily 
system raised to 100 times contain the pressure releasedinto the put out the raging reactor constructed and placed 
its normal output. Uranium buildupandafewminutes atmosphere where winds fireandlimittheamountof overthenuclearplantto 
fuel pellets began to later it exploded, blowing blew it over most of radiationthatwasescaping limit therelease of 
damage the system. the roof off the reactor. continental Europe, the plant. radiation from Chernobyl. 


| 


How it toppled the USSR 


The leader of the Soviet Union at 
the time of the Chernobyl disaster, 
Mikhail Gorbachev, has claimed that 
the incident wasa key factorinthe 
demise of the USSR. 

The government's response to the 
disaster was to try and cover it up as 
much as possible, with barely any 
officialannouncement ofitandno 
warning to residentsinthe 
surrounding area as to the dangers of 
radioactive poisoning. Ittooka 
radioactive cloud that passed over 
Sweden to bring the event to the 
world’s attention. 


Furious at the lack of information 
and protection they had received, 
especially as Gorbachev had 
promised a new era of political clarity 
and honesty, citizens railed against 
the political system. 

The general public lost faith in 
the government and the government 
in turn lost control of the general 
public. Five years later, the Soviet 
Union was dissolved with Gorbachev 
quoted assaying, “The nuclear 
meltdown at Chernoby] [...] was 
perhaps the real cause of the collapse 
of the Soviet Union.” 









Impact of 

the meltdown 
How many were directly 
affected by the disaster? 


55,000 
6.4% died from 


£ radiation 


150,000 
17.4%o were left 
disabled 


655,000 
76.2% underwent 
medical supervision 
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<== AMAZING ANSWERS TO CURIOUS QUESTIONS 


How did Aztec warriors 


do battle? 


Ready yourself for battle as you learn about the martial 


side of this Central American civilisation 


he Aztecs were a fierce and 
powerful group of warriors, 
defined by their religious 
fervour and class system. 

New warriors had to work their way 
up from the bottom by capturing 
prisoners. This was animportant part 
of a young warrior’s introduction into 
the martial society, as the Aztecs 
would sacrifice prisoners to the god 
Huitzilopochtli. Once a warrior had 
captured a prisoner, he would attain 
the rank of a warrior. 

Most Aztecs wore padded cotton 
armour called ichcahuipilli, which 
remained cool in the intense heat of 
Mexico but was also tough enough to 
deflect most arrows and darts. 
However, the elite fighting forces - 









Although fearsome 
warriors, Aztec 
armourand weapons 
could not compete Hj 
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How It Works 


called the ‘Eagles’ and ‘Jaguars’ - 
dressed as their namesakes. Eagle 
warriors donned feathers andan 
eagle-head helmet (see annotated 
warrior), while Jaguar fighters were 
wrappedin the skin of the South 
American big cat. The higher up the 
social rank you rose, the more 
elaborate the costume became. 

Their main weapon was the 
maquahuitl, a wooden sword with 
vicious shards of obsidian embedded 
down the sides. This deadly tool was 
capable of beheading a human. The 
Aztecs were also proficient users of 
arrows, slings and theatlatl,a 
throwing device that allowed them to 
hurl spears harder and faster than 
possible with the arm alone. # 





Headgear 
Aneagle-head helmet 
was asign that a warrior 








, had entered the elite 
~{ ¥-— fighting force of the 
iy 4, Eagles, while members 
) MW} ofthe Jaguar warrior 


A (| force wore the head ofa 


| slain jaguar. 
pes it 












Clothing ——w |i a 

The bravest — 
warriors who Long-range 
captured four weapon 
prisoners could | Aztec warriors also 
wear eagle helmets used arrows, slings 


and feathers or 
jaguar skins, but 
the base layer was 
typically made of 
thick cotton. 


and spears. The latter 
could be thrown many 
| #| metres with the atlatl 
m| —basicallyastick with 
Bi aminisling at one end. 






Protection from 
missilescamein 
the form ofthe 
chimalli,a round 


— 


with fibres twisted 
into it forstrength. 





| Footwear 
Ordinary citizens 
: | ~~ | } and warriors were 
ig | eo s) barefoot. However, 










| (nee upper-class citizens 
Maquahuitl Dd and the elite fighting 
Themaquahuitlwasa | forces were allowed 
brutal wooden sword = to wear cactli. These 
edged with obsidian | sandal-like shoes 
shards. This was said to had straps wound 
be able to decapitate i around the ankles to 
men and even horses. | hold them in place. 
They also used the 
tepoztopilli, a 2m (6.6ft) 
pole, which was lined 
with sharp stones too. 
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_______ Aiistory ie 


What was the role ¢ 
of court jesters? 


Fooling around with the funniest 
guys of the medieval world 



























ack in the days when the kings and queens Courtjesters were 
PRvininh | latil allowed to poke fun atthe / i 
of Britain ad toruiea warring and volatile royalty, something punishable 7 


empire, laughter was in short supply. by death ifsomeone else did it 





5B 


Therefore, the role of a court jester was massively 
important for making a monarch smile and 
ensuring a load of people didn’t get their heads 
chopped off by a grumpy ruler. 
Dressed in bright, gaudy colours, wearinga m <= 
ridiculous hat and often holding asceptre, the 


jester would perform at the monarch’s request, | Rib -tickler S a 
dancing, singing, telling jokes and doing 
impressions. He would also be made to perform | riddles fr OM the past 
at meal times because it was believed that | —S. black when you get it, 
cheerfulness aided digestion. | wh when you use it and white 
Jesters held a huge position of importance and ok eet away? 
privilege in the house ofa monarch, being able to 
mock figures of authority in a way that would have Q: Say a a andIdisa 
resulted in severe punishment for anyone else. Whatam Ppear. 
The role of court jester was one of the few that A: Silence 
allowed for social mobility in the Middle Ages. | 
Usually, peasants would stay peasants for life, buta a ey nee | 
court jester would ee be from the lower un am a quick. c Fat fam ei om Cee 
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, ~ 
—— = I Colosseum 
eee) Knownasthe Flavian 
} Amphitheatre, this 
vel was the largest 
. Ba npbitheatre inthe 
=> = a empire. It too hosted 
public spectacles, like 





Sa lei ee [| animal huntsand 
Beet — | | gladiatorial battles. 
Roman Forum : Tn | Pomeaitesnagses tt! gee ——_— eT = 
The centre of Roman er a ty nn Ro ae ee , ” te al 
publiclife, the die, = Z BP its. ; > » i} 
rectangularforum was |RhAe | | ) | t= . > 
surrounded bystatues, |ic% oa . i. oe ee Pm, oS —————— 
temples and ae =< % a ee raae-2 Agha aul 
government buildings. a a. wee oe —_ 2 7. Sans : This aqueduct supplied 
boca ee, OO - af — twine ee Eee eet Di water to the districts of 
—,, ; a | Rome from mountain 
ae a= | sources 72km (45mi) awa 
a a uy ee i Palatine Palace oe =. 
. | gees ae li me a! AlsocalledtheFlavian | Py 
| 5. ioe gy ? Mi, " asda Palace, this was the el’ 
a Ee ne . principal seat ofthe / 
In the ricighBourfiood oni By c™peters ofRome. | 
carte a san] — 
Located to the south of the city’s was the Septizonium, ahuge marble ~~ el | 
heart, the Circus Maximus was a facade, which functioned as an as ge 
functional building as well as a ornamental fountain. Rising above iG E a ey Circus Maximus 
prestigious monument proclaiming the circus on its southern flank was iT : oP “OO aw | Like the Colosseum, it hosted 
the glory of Rome. Towering over the — the Aventine Hill, crowded with Sp : | | public events called ‘ludi’, 
circus on its northern flank was the temples and private villas, while to . 7 | ‘ia including horse races, plays 
great Palatine Palace, built by the the west stood smaller buildings and : at and a oo ha 
emperors Vespasian, Titus and the River Tiber. This picture details a ee | amphitheatre’s ghee 
Domitian. Bordering both the palace the location of the Circus Maximus is ; . | 
and the circus at its southern end and other landmarks in its vicinity. 
rm 
Imperial box Drainage canal 
Located onthe palace 


Dug between the bottom of 










side erran oe the seating and the edge of 
Se . aA owe = _ the track, the canal helped 
the royal lamily to ‘ie drain the floorandalso 

















watchracesincomfort |S=e=seeam | = 7% a protect spectators from 
eae ay 


F . i 
and security. = Fr = + Sr =: chariot crashes. 
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were 5) Processional entrance 
Civicand religious processions 
entered the circus at its southern 
end underatriple arch erectedin 
honour of Emperor Titus. 


© SPL; Alamy 
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<== AMAZING ANSWERS TO CURIOUS QUESTIONS 


How did Leonardo da 


Vinci t 


to fly? 


Discover the secrets behind the legendary 
inventor's incredible flying machine 


F 


ew individuals truly fit the much- 
overused sobriquet of ‘man ahead of 
his time’, but Leonardo da Vinciis 
one of the select band who undoubtedly fits 
into this category. His mind seemed to be of 
another time entirely, devising all sorts of 
inventions that would either pre-empt or 
form the basis for modern-day equivalents. 
The item that perhaps best ofall encapsulates 
his capacity to work beyond the constraints 
of his time, however, is his visionary 
ornithopter flying machine. 

Having spent much time watching and 
studying the flight of birds, he observed the 
different ways they flapped their wings while 
taking off andin mid-flight, and sought to 








Headpiece 

By moving his head, the 
pilot would have been 
able to steer the vehicle. 


Levers 

From his position, the 
pilot would have 
operated the wings by 
pushing and pullinga 
number oflevers. 





Hand crank 
Thisallowedthepilot 
toincreasetheoutput |» 
of energy from the ‘3 
flying machine. 
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Da Vinci's ornithopter 


The bits and pieces that formed the basis of his revolutionary flying machine 


mimic them inthe construction of his 
ornithopter. Sharing similarities with the 
paragliders of today, it required a solo pilot 
to manually operate a system of pullies, levers 
and pedals with his hands and feet in order 
to simulate flight. A hand crank increased 
the production of energy and the wings were 
designed to flap - much like those ofa bird. 

However, while it looked impressive on 
the page, da Vinci's ornithopter was never 
physically realised in his day. While it may 
well have worked while in flight, the task of 
actually taking off proved to bean 
insurmountable obstacle, as there wasn'ta 
known way of producing enough power to 
actually get it offthe ground. @ 





DEA Tite ome l=)s 
ale Marcela 


Da Vinci didn't limit his pursuit of flight to just 
his ornithopter. Predating its invention by over 
400 years, one of his designs reveals 
something akin to a modern-day helicopter. 
Also known as an aerial screw, its blades 
revolved like a corkscrew, compressing air 

in order to gain flight - a principle shared by 
its eventual successors. Although the theory 
was sound, modern-day scientists believe 
that it would have been too heavy to achieve 
flight, and as such remained strictly in the 
drawing book. 

He is also credited with devising early 
designs for what would become what we know 
as the parachute. Despite its triangular shape 
and wooden frame causing many to doubt its 
effectiveness, it a prototype based on the 
Same design was constructed and tested in 
2000 - where it was proven to work perfectly. 
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Wing frames Wines Of fm 
The basis for the wings . ng 5 a ‘7 
was essentially made ee ee 

from wooden poles. further indication of 


Rope 

The rope attached to 

the pulley provideda 
means for the pilot to 
control the machine. 


Pilot 

The pilot would 
have been forced to 
lie still where he 
was positioned. 





















~ theinspiration Da 
Vinci took from birds. 


a 








Flap valves 
_ These would allow 
», airto flowthrough 
the wing surface 
while the wing was 
moving upward. 
\ —— Wings 
Fabric would have 
— eee 
S covered the wingsin 
order to providea 
wider lifting surface. 
Landing gear 
Intended to be retractable, 
this would enable the pilot 
to land safely. 
a 
zg 
£ 
al 
- 
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_______ FAiistory 


Whatdidan — 
Apothecary do? 


What are the origins of the Areplicaofan8th-century 
pharmaceutical industry? 















shopin Mexico 


’ t's thought the first apothecary emerged in Ancient 
Babylon and was introduced to the West by Galen, 
a Roman doctor. It originally revolved around the 
preservation of food, but its focus shifted to the 
relationship of drugs and medicines with living systems 
and the process of recording symptoms for the cure and 
prevention of disease. 

The preparation and selling of medicines was 
handled by an apothecary after the Society of 
Apothecaries was established in London in1617. By the 
19th century, their role had evolved. The Apothecaries 
Act in1815 meant that chemists now had to have formal 
qualifications and provide medical care and surgery, 
while new chemist shops would look after the retail 
side. The practice evolved into pharmacology as new 
substances were developed such as morphine, 
strychnine and quinine. Morphine was isolated in 1805 
by Friedrich Setiirner who heated opium in methanol. 

Apothecaries remained prominent throughout the 
20th century, with about 100 apothecaries stillin the 
USA during the 1960s. The age of apothecaries all but 
came to an endin the 1980s as large chain drug stores 
supersededthem. #@ 


iets How are bells made? 


The process of chime creation explained 
















riginally a basic percussion melting point of the copper and tin usedin the bell. 
instrument createdin Chinaas Once this process is finished, the metal’s impurities 
early as 3,000 BCE, bells now or ‘slag’ have to be removed and the bell can now be 
come inall sorts of shapes and sizes. cast. The liquid metal is poured into the mould case 
They are made ina foundry (a metal and takes about two days to cool into place. 
casting factory), where the bell’s design must be All that’s left to do nowis to skirt (smooth) the 
calculated precisely in ordertostrike theright pitch. | edgesto ensure the aesthetic design is correct and 
First, the bell pattern is cut out in two wooden tune it so the desired sound will be produced. Every 
templates called strickle boards as the basis for the bell can produce five chime tones: the octave, the 
moulds. Two moulds are made: inside (core) and fifth, the minor third, the prime and the hum. They 
outside (cope). They are made out of clay and sand were originally measured by a tuning fork. 
to make a material known as loam. The loam core The most famous bell foundry isin Whitechapel, 
and cope are then clamped together to make London. It was established during the reign of 
the mould case and arunner box is used to Elizabeth lin 1570, making it Britain's oldest 
act as a funnel for liquid metal to be manufacturing company. It constructed the 
added. The furnace is heated up to1,150 Liberty Bell in1752 and Big Benin 1858 and is 
degrees Celsius, which is above the stillin business today. @ 
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<== AMAZING ANSWERS TO CURIOUS QUESTIONS 


What is inside 





Whippet tank? 


The fastest British tank of WWI, the Whippet was a deadly mobile gun nest 


he only British medium tank to see action in World 

War I, the Medium Mark A- later knownas the 

Whippet - was proposed by businessman William 
Tritton on 3 October 1916 and developed by his chief 
engineer, William Rigby. Tritton, along with Lieutenant 
Walter Wilson, was the inventor ofthe Mark I heavy tank 
and the Little Willie prototype, and he sawa gap inthe 
battlefield for something faster than the Mark I's less-than- 
impressive top speed of 5.9 kilometres (3.7 miles) per hour. 

Able to hit 12.9 kilometres (eight miles) per hour the 
Medium A wasn’t the hammer that delivered the 
battlefield’s killing blow like the Mark I, but was designed 
to be more ofa chisel, able to force open the weak points 
already subject to infantry assault, artillery bombardment 
or assault from heavier models. While the Mark I’s main 
weapons were two six-pounder naval guns, the Whippet 
relied on four machine guns mounted on its fixed turret, 
which proved devastating to infantry caughtin the open. 
On 24 April 1918 just seven tanks ambushed two German 

infantry battalions near Cachy in Northern France and 
killed over 400 men. In another incident that proved just 
how devastating these fast-moving machine-gun nests 
could be, a single Medium A - called Musical Box by its 
crew — advanced so far on 8 August 1918 that it was 
completely cut off. Musical Box spent nine hours 
rampaging behind the German lines, destroying an 
artillery battery, an observation balloon, the camp ofan 
infantry battalion and raiding a column of German 
infantry before bullets pierced a petrol can, causing fuel to 
leak and fill the cabin with fumes. Fighting onin their gas 
masks, a field gun finally disabled the tank. Amazingly, 
two of the three crewmen actually survived and were 
taken prisoner. @ 


«<The Whippet relied on 
four machine guns 
mounted on its fixed 
turret, which proved 
devastating to infantry7? 
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Le Steering column 
Behind. the The steering column 
| controlled the throttle, 
armour Cooling system speeding up one track 
Alookinside WWI's A fan andradiator, much = oe la 
Bais like one ona car, cooled automaticaly so the 
Whippet tank the engine and vented tank could turn, 
the heat through slats (or 
‘louvres’)in the armour. 
Identification 
markings | 
The simple white/red/ — Sahere 
white colours of the 
Tank Corps identified 






the vehicle as British, 
preventing friendly fire. 


Petrol tanks 

3181 (70ga) of petrol were 
carried at the front ofthe 
tank. Though further from 
the crew, it was more 
vulnerable to enemy fire. 
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Storage 

Ammunition racks anda metal 
stowage bin provided the tank’s 
only storage. Around 5,400 
rounds ofammunition were 
carriedin each tank. 


Gearbox 

For tighter turns, the speed of 
each track had to be changed by 
the gearbox either side ofthe 


driver's seat. 


Drive wheel 

The extremely powerful drive 
wheels atthe rear of the tank 
pulled the tracks over 16 smal! 
road wheels. 


Engines 

A 4shp (33.6kW) Tylor JB4 petrol 
engine drove each track. In 
peacetime, they were 
commonly used on London 
double-decker buses. 


Machine guns 


Four Hotchkiss machine guns, 


firing up to 600 rounds per 


minute. There was only one 


gunner so he had to jump 
between guns, 


Driver's seat 


Although the Whippet typically 
had three crewmen, there was 


only seat for the driver. 


Everyone else had to crouch 


quite awkwardly. 


The birth of the tank 


The tank emerged out ofa need foran armoured 
vehicle that could traverse the muddy terrain of the 
Western Front of World War I. The army weren't 
interested, but the First Lord ofthe Admiralty - 
future British Prime Minister Winston Churchill - 
saw potential in the idea and adopted it as a Royal 
Navy project, forming the Landships Committee in 
February 1915. 

Acontract was put out to William Tritton, 
chairman of William Foster & Co, a company based 
in Lincoln and best known for producing threshing 
machines, steam tractors and traction engines, to 


produce a prototype ‘landship’ using two caterpillar 


tracks. Developed in great secrecy, factory workers 
were told they were constructing mobile water 
carriers for use in the desert. Because the 
abbreviation WC also meant toilet, the factory 
employees started calling it a ‘water tank’ instead. 
The word ‘tank’ stuck, while the word ‘landship’ 
quite obviously didn't! 
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The first prototype, Little Willie 
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<== AMAZING ANSWERS TO CURIOUS QUESTIONS 


agrada Familia is not a cathedral, 
because it doesn’t have a bishop. 
But it was intended from the outset 
to be cathedral sized. The design calls for 
18 spires, seven side chapels and three 
grand facades. The raised choir space has 
room for1,100 singers and the six separate 
organs will be playable from a central 
console to give asingle instrument with 
8,000 pipes. When itis completed, Sagrada 
Familia will be the tallest church building 
inthe world. But the extraordinary 
gingerbread architecture has divided 
opinion from the very beginning. George 
Orwell called it “one of the most hideous 
buildings in the world.” 

The church was commissioned bya 
pious bookseller called Josep Maria 
Bocabella and the first stone was laid 
in1882. The Spanish architect Antoni 

Gaudi took charge of the design a year 

later. Because it has never received 

money from government or the Catholic 
Church, the pace of building work has 
always depended on the money that 
could be raised privately. During Gaudi’s 
lifetime only the crypt, the apse above 
itand one of the spires had been 
completed. Gaudi himself was not 
concerned with the slow progress and 
famously said: “My client is notin a hurry.” 
At the time of Gaudi's death at age 73 in 
1926, less than a quarter of the Sagrada 
Familia was complete. 

Today, Sagrada Familia isa UNESCO 
World Heritage Site and one of the 
most popular tourist attractions in Spain. 
The admission charge and other fund 
raising generates more than a massive 
€25 million (£20 million), which now 
allows an extraordinary level of 
craftsmanship and detail onthe 
construction. But Sagrada Familiais nota 
museum piece. Modern construction 
techniques and materials are used 
wherever possible, including reinforced 
concrete, computer-aided design and 
3D-printing of plaster decorations. Even 
though Gaudi lies buriedin the crypt at 
Sagrada Familia, a team of engineers and 
craftsmen remain dedicated to finishing 
the work he began. % 
















Construction 
ahead 1882 1883 






1894 1926 gts 


More than a decade Gaudi dies, —ie 





Work begins under the Gaudi takes later, the crypt and apse aged 74. He has 
The road toward completion of the = architect Francisco de over after (the semi-circular area spent over 42 years 
Sagrada Familia has been long and _sPaula del Villar y Lozano. the original architect behind the altar) are the working on Sagrada Familia, 
arduous - and there is still some tis originally designedas — disagrees with the project first parts of the church but more than 75 per cent of 
way to go... a Gothic revival church. promoter and resigns. to be finished. it is still unbuilt. 
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One for each of 
Jesus’ 12 apostles. 
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